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ABSTRACT 

CAN ANNUAL FLORAL STRIPS CREATE EFFECTIVE POLLINATOR HABITAT IN 

SOUTHERN ONTARIO AGRICULTURAL LANDSCAPES? 

Kirsten Radcliffe 

University of Guelph, 2022

                                           Advisor: 

                                           Dr. Elizabeth Lee        

 

Flower visitors represent a key aspect of biodiversity, providing vital ecosystem services to 

native flowering plants and commodity crops. Studies indicate a decline in the abundance and 

diversity of flower visitors worldwide. Recently, Ontario developed a Pollinator Health Action 

Plan with the mandate of restoring, enhancing, and protecting one-million acres of pollinator 

habitat. This thesis examines: 1) What is the status of flower visitors in Southern Ontario and 

what factors are affecting their populations? 2) Could an annual mix of flowering cover crop 

species attract a diverse range of pollinator species? 3) Can the use of multiple planting dates 

extend the flowering periods of the mixes? Results show that using multiple flowering species 

and planting dates creates a continuous foraging source for a number of different pollinator taxa. 

Clear preferences were found between pollinator species and flower species, indicating a diverse 

mix is needed to attract flower visitors from all groups.   
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1 Literature Review 

 

1.1 Introduction 

Flower visitors provide essential pollination services to natural and agricultural systems, 

influencing the ecosystem’s stability, diversity, and functioning (Ollerton et al., 2011; Saunders, 

2018). Within the agricultural ecosystem, 70% of major crops are dependent on these pollination 

services for reproduction, high seed set, and fruit quality (Artz & Nault, 2011; Klein et al., 2007; 

Morandin & Winston, 2006; Ouvrard et al., 2018). Despite this, pollinator populations are widely 

in decline, two major factors contributing to these declines are habitat fragmentation and lack of 

diverse pollinator habitat (Everaars et al., 2018; Goverde et al., 2002; Potts et al., 2010). In 

Ontario cropland is concentrated primarily in the Southwestern region of the Province. The 

number of acres used as cropland continues to increase, as does the average farm size which in 

the last census was 249 acres (Statistics Canada, 2021a). Within this region the typical crop 

rotation is corn-soy or corn-soy-wheat, a rotation which lacks in nutritional diversity and is not 

conducive to supporting the needs of pollinator communities (Filipiak, 2019; Statistics Canada, 

2017). While there is some vegetable and fruit production in this region, field crop vegetables 

represent 1.5% and fruit 0.6% of production (by acreage) respectively (Statistics Canada, 2017; 

Pindar et al., 2017). The limited rotations within this region coupled with increasing field size 

and lack of continuous floral availability negatively impact flower visitors which heavily rely on 

their surrounding environment for resources (Goverde et al., 2002). The following chapter is a 

literature review that briefly highlights trends in pollinator populations and diversity, the 



 

 

2 

 

relationships between flower visitors and the agricultural ecosystem in Ontario, and the impacts 

associated with pollinator habitat creation.   

1.2 Pollinator populations and diversity 

The presence of flower visitors within a landscape are both an indicator and contributor to 

ecosystem health (Vanbergen & Initiative, 2013). There are a variety of animals which provide 

pollination services (e.g., birds, bats, butterflies), however, this research project will be focusing 

on bees, wasps, and flies. The composition of these pollinator communities can vary across 

landscapes, with some species being the dominant pollinator in some locations and completely 

absent in another (Klein et al., 2007; Rader et al., 2016). Whilst short foraging distances of 

around 150m are commonly the rule for smaller bodied solitary bees, there are various larger 

bodied solitary bees, bumble bees, and honey bees which fly much further from their nests to 

forage (Gathmann & Tscharntke, 2002; Geib et al., 2015; Greenleaf et al., 2007). Less is known 

about wasp foraging ranges; however, it could be inferred that body size would also impact their 

flight distances. Community composition in a given area can also change temporally, with 

differences in peak foraging and population size across pollinator groups throughout the season 

(Richards et al., 2011; Grass et al., 2016) As such, it is important to conduct surveys which are 

more regional and long-term in nature, in order to track population dynamics and trends. 

Currently, most available data is focused on honey bee (Apis mellifera L.) populations, which in 

the North American context are categorized as managed livestock  (Bonoan et al., 2020; National 

Research Council, 2007). While some of this information can be extrapolated to some degree to 

the broader pollinator community, flower visitors can differ notably in life cycle, environmental 

sensitivity, and population sizes. Another factor influencing the ability to compare managed 

honey bee communities with the broader flower visitor community is that honey bee populations 
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are largely influenced by stocking density and the number of apiaries in that area. Nonetheless, it 

can be inferred that factors such as habitat fragmentation, land use, and pesticides which have 

been found to be impacting honey bee communities are also having some degree of impact on 

other flower visitors. This is the reason that long-term monitoring and surveys which include a 

range of taxa are crucial to identifying what communities are present to inform conservation 

efforts.  

When studying flower visitors, sociality is one of the primary ways in which they can be 

broadly categorized (Danforth et al., 2019; Jandt & Toth, 2015; Ogilvie & Forrest, 2017). 

Typically, this involves examining the level of sociality and social structure within that genus or 

species. Honey bees are categorized as highly social, with defining attributes such as females 

overwintering as adults and having a hierarchical structure where females are morphologically 

dissimilar (i.e. queen vs female worker) (Sagili et al., 2011; Vickery, 1991; Wright et al., 2018). 

Honey bees are also know for social behaviours such as the waggle dance which is used to 

communicate directions to good foraging habitat to other members of the hive (Couvillon et al., 

2015). Bumble bees (Bombus spp.) are also categorized as eusocial which bears some 

resemblance to honey bee sociality, but unlike honey bees, only queen bumble bees overwinter 

as adults and bumble bees lack some of the behavioural adaptations that honey bees display (e.g., 

the waggle dance) (Colla et al., 2011; Geib et al., 2015). Bumble bees do perform food 

recruitment behaviours similar to the waggle dance, however, they are much less ritualized and 

repeated than those performed by honey bees (Dornhaus & Chittka, 1999). A large proportion of 

wild flower visitors are solitary in nature with the female provisioning the nest and food for the 

offspring and dying before maturation of the offspring. It is important to note that some solitary 

species can become communal nesters under certain environmental conditions, this has been 
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witnessed in some Nomia and Xylocopa species. As a general rule, solitary populations tend to 

be smaller than managed honey bee hives, nesting in the ground, wood, or leaves (Wilson & 

Messinger-Carril, 2016). Wasps like bees vary in their sociality and nesting ecologies’ 

considerably; with larger social nests (e.g., yellow jackets) made from a papier mâché, ranging to 

more solitary species which prefer cavity type or ground nests. Akin to bees, wasps can nest in 

large social groups, in smaller communal groups, or alone. Flies differ considerably from bees 

and wasps in terms of their sociality and nesting behaviour. Compared to honey bees, little is 

known about the foraging ecology of flies; however, they are generally not central place foragers 

and do not build nests. Foraging ranges can be impacted by factors such as larval host locations 

(e.g., some flies require water for larvae to develop), at the same time, some flies have been 

found to be travel hundreds of kilometres in migration (Wotton et al., 2019). Nevertheless, 

knowledge gaps exist around the current status of flower visitors in Ontario, especially those 

belonging to non-bee taxa as they are generally omitted from pollinator studies and monitoring 

programs (National Research Council, 2007; Rader et al., 2016).           
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Figure 1.1: A range of flower visitors collected in Southern Ontario at Elora and Waterloo 

locations (2018 and 2019). 
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1.3 Diversity of Flower visitors in Southern Ontario: 

In the study of entomology, the term biodiversity can take many forms depending on the 

research scope. Some may define biodiversity according to genus, species, or even functional 

group. Exploring each of these lenses can lend an added depth to the analysis as it allows one to 

look at the larger picture while considering variation in life cycle, floral preferences, and 

behaviour that exists between flower visitors. While there are studies which look at these aspects 

they tend to be concentrated in Europe and the United States of America where community 

assemblages, species, and landscapes can vary from that of Canada (Durant & Otto, 2019; Koh et 

al., 2016; Potts et al., 2010). From these studies some overarching trends (i.e., impacts of 

landscape, changes in land use, and habitat fragmentation on populations) could be extended to 

the Canadian context but not with accuracy or certainty. Popularized in part due to its widespread 

commercialization and direct economic value, the honey bee is commonly used as a model for 

pollinator health, monitoring, and recommendations (Russo et al., 2013; Sprague et al, 2016). 

This proclivity to focus solely on the honey bee in research is subsequently reflected in the 

popular press creating a public perception that honey bees are the only flower visitors. This 

perception, however, is far from reality as the honey bee represents only one bee species out of 

the 429 recorded to date in Ontario (Table 1; Figure 1; Bees of Canada, 2021). In addition, a 

notable distinction exists between the honey bee and some other native flower visitors in that 

honey bees were introduced to North America and are primarily managed livestock (with the 

exception of some feral colonies) (Cridland et al., 2017; Wilson & Messinger Carril, 2015). 

Another important distinction is in pollination efficiency, native flower visitors co-evolved with 

many plant species and as such, are anatomically more adept at pollinating some flower types 

compared with generalists such as the honey bee (Garibaldi et al., 2013; Mader, 2011). For 
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example, a study conducted in the U.S. looking at pollination of strawberry crops found the 

inclusion of the mason bee (Osmia lignaria) during flowering increased overall yield, this 

finding is consistent with a strawberry pollination study in Quebec, Canada (Horth & Campbell, 

2018; MacInnis & Forrest, 2019).  Furthermore, a study conducted by Nicholson and Ricketts 

(2019), found that pollination by wild bees lead to higher yields, more uniform seed set, and 

faster ripening time in blueberry production systems, increasing farm revenue by up to 36%. 

These findings are consistent with other studies in finding that wild flower visitors increase fruit 

set by twice as much as honey bees per visit (Garibaldi et al., 2013). Other species such as the 

alfalfa leaf cutter bee (Megachile rotundata) are beginning to grow in popularity in commercial 

systems due to their ability to more effectively pollinate some major fruit and vegetable crops 

(Horth & Campbell, 2018; Nicholson & Ricketts, 2019). 

 

The introduction of the managed honey bee has been found to threaten existing wild 

pollinator populations through resource competition and destruction of plant-pollinator matrixes 

in the ecosystem (Mallinger et al., 2017; Klein et al., 2018). Similarities do exist between the 

honey bee and other eusocial bees, however approximately 96% of bees in Ontario are solitary, 

varying greatly in regard to life cycle and behaviour (Danforth et al., 2019). Key distinctions 

between solitary and eusocial bees include whether they overwinter as adults and the existence of 

a hierarchical structure within the colony (Wilson & Messinger-Carril, 2016). This wide range in 

biodiversity is reflected in the large variance between species in nesting, foraging, and threats. 

This leads to difficulty when researching or proposing pollinator initiatives; different stress 

factors can disproportionately affect one group more than others. For instance, solutions 

proposed based on honey bee studies will likely not account for ground nesting taxa having 
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higher exposure to soil and potential chemical residues (Franklin & Raine, 2019; Sgolastra et al., 

2019). Therefore, solutions to pollinator decline must be multifaceted to be effective for a wider 

range of taxa. Intensifying monitoring and research on flower visitors in Canada will give a 

better idea of population demographics, leading to more informed conservation programs.  

  

Currently, the bees highlighted in Ontario as being at risk of extinction include the rusty 

patched bumble bee (Bombus affinis) and the yellow banded bumble bee (Bombus terricola) both 

of which were, at one time, commonly found in Ontario (Wildlife Preservation Canada, 2020). 

Various studies and monitoring initiatives have observed declines in species richness and 

abundance globally (Bartomeus et al., 2013; Potts et al., 2010; Zattara & Aizen, 2021). While 

abundance is, in many aspects, a primary predictor of population health; taxonomic diversity and 

functional diversity are also very important identifiers of population health. A meta-analysis 

conducted by Woodcock et al. (2019), found that communities with non-overlapping trait 

distributions will be more likely to promote pollination services and provide more consistent 

pollination. Despite this, evidence and causes of pollinator declines are not fully understood 

primarily due to inadequate monitoring, especially when concerning wild pollinator species. 

While other countries such as the United Kingdom have quantitative data and standardized 

protocols for monitoring a wide variety of species, approaches have not yet been adopted widely 

in a North American context. When studying flower visitors there are many influencing factors 

such as existing plant and pollinator species, landscape geography, land use, pesticide use, 

climate, and various others (Potts et al., 2010; Skevington et al., 2019; Vanbergen & Initiative, 

2013; Potts et al., 2016).  In terms of meta-datasets, the most readily available means of 

estimating the breadth of these declines is by looking at the honey bee which has fairly consistent 
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monitoring and data in various countries when compared to wild pollinator species in those 

regions (e.g. United Kingdom, United States, Spain, and France) (National Research Council, 

2007; Potts et al., 2010; Smith et al., 2013). However, looking at honey bee population data still 

does not accurately depict the status of wild flower visitors within the ecosystem. Even amongst 

honey bee populations, which have been found to be notably less sensitive to environmental 

stressors, significant declines have been observed in Europe (25% colony loss 1985-2005) and 

North America (59% colony loss 1947-2005) (Bartomeus et al., 2013; Goulson et al., 2015). 

While these fluxes in the populations could be attributed in part to management, there are also 

external factors (i.e. environmental stressors) contributing to these changes seen in honey bee 

populations. From this it can be inferred that other taxa within these ecosystems are also being 

impacted by environmental factors. However, larger data sets and long-term monitoring are 

needed to fully understand the extent to which environmental stressors are affecting local 

pollinator communities.  
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Table 1.1:Pollinating bee, wasp, and fly genera of Ontario (Buck et al., 2008; Skevington et al., 2019; Sheffield& Initiative, 2019) 

Genus Group Species Social Behaviour Foraging Time Floral Preferences Nesting 

Preference 

Estimated 

Abundance 

Agapostemon Bee 4 Solitary Spring-Late fall Generalist but 

frequently seen on 

Asteraceae 

Ground- Bare 

soil 

Common 

Allograpta Fly 4 Solitary/Predatory 

*common predator of 

aphid species 

Mid-spring – Late 

fall 

Generalist Stems or leaves Common 

Andrena Bee 75  Solitary/Communal Early spring, Late 

fall 

Some generalists 

and some 

specialists**blueber

ries, cranberries, 

and apples 

Ground Common 

Anthidium Bee 5 Solitary Spring Most generalists, 

few specialists 

Pre-existing 

tunnels in wood, 

stems, or 

ground 

Fairly common 

Anthophora Bee 3 Communal Early Spring Generalists/specialis

ts **tomato 

Ground Fairly common 

Apis Bee 1 Highly Social Early Spring-Late 

Fall 

Generalists Hives Common 

Augochlora Bee 1 Solitary/Primitively 

Eusocial 

Spring-Fall Generalists Wood/ground Common 

Augochlorella Bee 2 Primitively Eusocial Spring-Late Fall Generalists Ground Common 

Augochloropsis Bee 1 Communal Late Spring-Early 

Fall 

Generalists Ground Common 

Blera Fly 8 Solitary Early spring – 

Mid summer 

Specialist – native 

flowers 

Wood Common 
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Bombus Bee 27 Eusocial Early spring- Late 

fall 

Generalists 

**tomatoes, 

peppers, eggplants, 

potatoes, and 

blueberries 

Ground or pre-

existing cavities 

Common 

Brachyopa Fly 8 

 

Solitary Early spring-Mid 

summer 

Specialist – native 

flowers 

Trees or stems Fairly common 

Calliopsis Bee 2 Solitary Summer-Early 

Fall 

Specialists – 

Euphorbiaceae, 

Fabaceae, 

Sphaeralcea, 

Solanaceae, 

Asteraceae 

Ground Common 

Ceratina Bee 4 Solitary/Primitively 

Social 

Early spring- Late 

fall 

Generalists Wood or stems Common 

Chalcosyrphus 

(Xylotomima) 

Fly 16 Solitary Early spring- Mid 

summer 

Specialists – native 

flowers 

Trees, wood, 

leaves 

Common-

uncommon 

Cheilosia Fly 25 Solitary Early spring – 

Mid summer 

Specialists – native 

flowers, 

mushrooms, truffles 

Trees, wood, 

leaves 

Fairly common 

Chelostoma Bee 3 Solitary Early spring- Late 

summer 

Specialists 

Phacelia, 

Campanula 

Pre-existing 

holes in wood, 

hollow stems 

Fairly common 

Chrysotoxum Fly 10 Solitary Early spring – 

Late fall 

Specialists – native 

flowers, meadows, 

trees *Solidago 

Trees, wood, 

leaves 

Fairly common 

Coelioxys Bee 10 Parasite Summer Parasite N/A Common 

Colletes Bee 19 Solitary/Communal Summer-Late fall Generalists/Speciali

sts Fabaceae, 

Asteraceae 

Ground Fairly Common 

Dasysyrphus Fly 7 Solitary/Predatory Early spring- Mid 

summer 

Specialists – native 

flowers in meadows 

and forests *Aphids 

Trees, wood, 

leaves 

Fairly common 

Dianthidium Bee 1 Solitary Summer-Late fall Generalists/Speciali

sts Asteraceae 

Riverbanks, 

sand dunes, 

wood 

uncommon 
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Dieunomia Bee 1 Solitary July-Mid 

September 

Specialists 

Helianthus 

Ground Fairly common 

Dufourea Bee 5 Solitary Spring-Late 

Summer 

Specialits 

Onagraceae, 

Asteraceae, 

Brassicaceae, 

Fabaceae, 

Malvaceae, 

Rosaceae 

Ground Fairly common 

Epeoloides Bee 1 

 

Solitary/Predatory Spring- Late fall Generalists – 

Fabaceae, Solidago 

*Aphids 

Trees, wood, 

stems, leaves 

Fairly common 

Epeolus Bee 10 Solitary/Predatory Spring- Late fall Generalists  Trees, wood, 

stems, leaves 

Fairly common 

Eristalis 

(Eristalis) 

Fly 1 Solitary Spring-Late fall Generalists Trees, stems, 

leaves 

Common 

Eucera Bee 8 Solitary/Communal Early spring-Late 

summer 

Generalists/Speciali

sts Fabaceae, 

Astragalus, Dalea, 

Vicia, Medicago 

Ground Fairly common 

Habropoda Bee 3 Solitary Early spring-Mid 

summer 

Generalists/Speciali

ts Vaccinium, 

Gelsemium 

**Blueberry crops 

Ground Uncommon 

Halictus Bee 4 Eusocial/Solitary Spring-Fall Generalists 

**Apiaceae, 

Allium, Asteraceae 

Ground Fairly common 

Helophilus Fly 7 

 

Solitary Spring-Fall Generalists/Speciali

sts – Apiaceae, 

Primula, Salix, 

Solidago, Zizia 

Trees, Marsh 

areas, Leaves 

Fairly common 

Heriades Bee 3 Solitary Summer Generalists Pre-existing 

holes in wood, 

hollow stems 

Common 



 

 

15 

 

Hoplitis Bee 7 Solitary Spring-Summer Generalists/Speciali

sts 

Fabaceae, 

Boraginaceae, 

Phacelia 

Pre-existing 

holes in wood, 

hollow stems 

Common 

Hylaeus Bee 15 Solitary Mainly Spring – 

some 2nd gen Fall 

Generalists Pre-existing 

holes in wood, 

hollow stems 

Common 

Lapposyrphus Fly 1 

 

Solitary Spring-Fall Generalists – 

Apiceae, Asteraceae 

*Aphids 

Trees, wetlands, 

leaves 

Common 

Lasioglossum Bee 71 Solitary/Communal/Pri

mitively Eusocial 

Early spring-Late 

fall (some only in 

spring) 

Generalists/Speciali

sts 

Sphecodogastra-

Oenothera 

Ground or wood Common 

Macropis Bee 1 Solitary Spring-Summer Specialists 

Lysimachia 

Ground Uncommon 

Megachile 

(Leafcutter bee) 

Bee 21 Solitary Spring-Late fall Generalists/Speciali

sts Oenothera, 

Helianthus, 

Fabaceae **alfalfa 

production 

Pre-existing 

holes in wood, 

hollow stems 

Common 

Melanostoma Fly 1 Solitary Spring-Late fall Generalists – 

Apiaceae,Cornus, 

Rhododendron, 

Trillium 

Trees, wetlands, 

grasses 

Common 

Melissodes Bee 11 Solitary Mid-summer -

Late fall 

Generalists, Mainly 

Specialists 

Asteraceae, 

Eumelissodes 

Ground Common 

Nomada 

(Cuckoo bee) 

Bee 37 Solitary Spring-Fall Parasitic Pre-existing 

cavities in 

ground, wood, 

or stems 

Fairly 

uncommon 

Osmia 

(Mason bee) 

Bee 26 Solitary Early spring-Late 

summer 

Generalists/Speciali

sts Penstemon, 

Pre-existing 

cavities in 

Common 
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Lamiaceae, 

Fabaceae, 

Rosaceae, 

**Orchard Crops 

ground, wood, 

or stems 

Parasyrphus Fly 8 Solitary Late spring- Early 

fall 

Specialists – Salix, 

Malus, Solidago 

*Aphids 

Trees, shrubs, 

wetlands 

Fairly 

uncommon 

Perdita Bee 6 Solitary/Communal Early spring- Late 

fall 

Specialists 

Heliotropium, 

Lotus, Asteraceae 

Ground Fairly 

uncommon 

Pipiza Fly 11 Solitary Late spring- Early 

fall 

Generalists – 

Allium, Brassica 

Euphorbia, Malus, 

Rubus, Salix 

*Aphids 

Trees, shrubs, 

grass 

Fairly common 

Platycheirus Fly 73 Solitary Spring- Mid 

summer 

Specialist – 

Cyperaceae, may 

also visit wind 

pollinated plants 

*Aphids 

Trees, wetlands, 

meadows 

Common 

Pseudopanurgu

s 

Bee 4 Solitary Spring Narrow Oligolecty Ground Fairly 

Uncommon 

Rhingia Fly 1 Solitary Spring-Mid fall Generalist – 

Centaurea, 

Euthamia, 

Geranium, 

Impatiens, Rubus, 

Solidago, Viola 

Hardwood trees, 

shrubs 

Common 

Sericomyia Fly 16 Solitary Spring- Early fall Specialists – Acer, 

Cephalanthus, 

Daucus, Rubus, 

Viburnum 

Hardwood or 

Pine tree, 

shrubs, wetland 

areas 

Fairly common 

Sphaerophoria Fly 14 Solitary Spring-Mid fall Specialists – 

Eupatorium, 

Solidago, 

Trees, 

meadows, 

wetland areas 

Common 
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Tanacetum 

*Aphids, Thrips 

Sphecodes Bee 24 Solitary/Predatory Spring- Late fall Generalists  Trees, wood, 

stems, leaves 

Fairly common 

Stellis Bee 10 N/A Summer Parasitic Parasite Uncommon 

Svastra Bee 1  Solitary/Communal Spring-Late fall Specialist - 

Helianthus 

Ground Fairly common 

Syrphus Fly 8 Solitary Early spring-Late 

fall 

Generalists/Speciali

sts – Asteraceae, 

Caulophyllum, 

Cicuta, Cornus, 

Rubus *Aphids 

Trees, shrubs, 

grasses 

Common 

Triepeolus Bee 1 Solitary/Predatory Early spring-Late 

summer 

Generalists Wood or plant 

stems 

Fairly 

Uncommon 

Vespula Wasp  Solitary/Predatory  Generalist   Common 

Xylocopa 

(Carpenter bee) 

Bee 1 Solitary/Predatory Early spring-Late 

summer 

Generalists Wood or plant 

stems 

Common 

Xylota (Xylota) Fly 20 

 

 

Solitary Spring-Late 

summer 

Specialists – 

Begonia, Cornus, 

Rubus, Rosa 

Solidago, 

Trees, shrubs, 

wetlands, 

meadow areas 

Fairly common 
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1.4 Factors contributing to pollinator declines: 

 

Generally speaking, bees are limited in the distance they are able to travel from their nest 

for foraging. While the extent of this limitation can differ between species, the honey bee is 

considered to have the greatest foraging range, travel 1 to 5 km from the nest, with a maximum 

distance recorded at 15km from the nest (Couvillon et al., 2015; Beekman & Ratnieks, 2000). 

Studies exploring foraging distances in bumble bees found foraging distances to be very variable 

among species, with mean foraging distances between 500m and 1500m (Geib et al., 2015). 

However, bumble bees have been recorded foraging up to 3 kms from their nest (Goulson & 

Osborne, 2009). Solitary bee species tend to be even more limited in their foraging distances, 

traveling on average 10-100m from their nest site. Less is known about the foraging distances of 

non-bee flower visitors; many are not central place foragers which plays a role in their ability to 

travel distances to forage. A primary factor highlighted in literature which affects the ability of 

flower visitors to forage is altered landscapes, specifically field sizes and diversity within those 

fields (Goulson et al., 2008; Steffan-Dewenter et al., 2002; Winfree et al., 2009). A study 

conducted by Biesmeijer et al. (2006) compiled monitoring data for bees and syrphids, 

categorizing the data into pre- and post-1980 for each group. This analysis indicates that there 

are declines by at least 30% in abundance between those two periods, especially for species with 

narrow habitat requirements or those that are considered specialist species. It is theorized that 

having a more heterogeneous landscape may increase biodiversity through reducing competition 

and the effects of patch dynamics (Hass et al., 2019; Lázaro & Alomar, 2019; Senapathi et al., 

2017; Steffan-Dewenter et al., 2002). As of 2016, the average farm size in Southern Ontario is 

249 acres and while not all of this may be designated to crop land, it  is still a sizeable area that 
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has the propensity to be monocultured (OMAFRA, 2016a). Overall, an estimated 9,021,289 

acres are designated as cropland in 2016, which has steadily increased since 1996 (Statistics 

Canada, 2021a). Various crops (particularly fruit and vegetable crops) benefit from pollination 

services and can provide a source of foraging habitat; however, the flowering availability period 

tends to be short and concentrated to a few weeks. Additionally, field crops in monocultured 

systems tend to be planted over large areas of land, creating distinct periods of foraging dearth 

for the flower visitors in that area. As highlighted in a study by Bonoan et al. (2019), another 

issue with the movement towards larger acreages of cultivated crops is the lack of nutritional 

diversity and value provided to bees by monocultured agroecosystems. Like any other animal, a 

pollinator’s diet needs to be diverse enough to provide them with complete amino acids, fats, and 

micronutrients which may not be available from a single flower species.  

 

   Other factors influencing pollinator population dynamics and plant-pollinator interactions 

are climate change (i.e. changes in temperature and rainfall), effects of pests and pathogens, and 

the use of pesticides. The implications of climate change may vary depending on region, in 

North America, models project increasing temperatures, CO2 concentrations, and variability in 

rainfall (Romero-Lankao et al., 2014). Variability in rainfall could include more extreme weather 

events such as floods which could effectively kill aggregations of ground nesting bees or large 

numbers of migrating Monarch butterflies (Nicholson & Egan, 2019; Wilcox et al., 2019). These 

climatic changes can also affect the phenology and population range of individual plants and 

flower visitors, as well as, interactions between them (Morton & Rafferty, 2017; Bartomeus et 

al., 2011; Burkle et al., 2013). While these individual shifts will impact both plant and pollinator 

populations, an arguably larger impact will come from temporal mismatching in plant-pollinator 
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matrixes (Memmott, et al., 2007; Burkle et al., 2013). This mismatching is especially precarious 

for populations of flower visitors which are highly specialized to a particular plant family or 

species. Over time, many of these specialist species have nested near their flower, aligning 

developmental periods so that they match up with the peak flowering season of that flower 

(Giannini et al., 2010). These close interactions are highly vulnerable to environmental changes 

and both plant and pollinator could face reduced fitness or even extinction in the face of 

phenological mismatches between them. Although generalist species will likely not experience 

such insecurity, existing plant-pollinator networks will be altered by climactic changes, 

pressuring flower visitors to expand foraging to other flowers or shift their range. A model 

created by Memmott et al. (2007), predicts that phenological shifts could reduce floral 

availability for flower visitors by 17-50%. In addition to this, flowers which are available may 

over time experience decreases in nutritional quality. A study exploring the impact of CO2 

concentrations on Canadian goldenrod (Solidago canadensis), found that rising CO2 was linked 

to reduced pollen protein over time (Ziska et al., 2016). Goldenrod represents an important late 

fall food source for many flower visiting insects in Canada, as such, its decline in nutritional 

value could put many pollinator communities at risk. These estimates around floral availability 

and nutrition highlight the need for further research into ways to reduce these phenological 

changes and their effect on ecosystem function and biodiversity. Especially in areas such as 

agricultural landscapes, where flower visitors currently face pressure from the lack of floral 

availability and diversity to meet their nutritional requirements (Bonoan et al., 2019).           

 

 A widely accepted theory in the study of infectious diseases in wildlife is the ‘spillover 

effect’, wherein, domesticated populations act as reservoirs, transmitting diseases or pathogens to 
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sympatric wild populations (Daszak et al., 2000). A key vector of many pollinator pathogens are 

parasites. Many honey bee diseases and pathogens are linked with having a hive infestation of 

the parasitic mite Varroa destructor (Brettell et al., 2017; Martin, 2001; Rosenkranz et al., 2010). 

Deformed wing virus (DWV) is an example of a honey bee pathogen typically transmitted 

between individuals by the Varroa destructor mite. The virus is difficult to detect, causing wing 

and morphological defects, as well as, elevated mortality rates among pupae (Genersch, 2010). 

Recent studies are discovering bumble bee, wasp, and hoverfly species infected with DWV, 

signifying a spillover effect from honey bee systems into wild pollinator systems (Fürst et al., 

2014; Genersch et al., 2006; Bailes et al., 2018). A common way in which pathogens can be 

transmitted from honey bees to native flower visitors is through shared foraging sites (Fürst et 

al., 2014). This highlights the importance of good management practices in commercial honey 

bee production, as well as, increased research into pathogens in wild pollinator systems.        

  

 In the past few decades, concerns surrounding flower visitors and pesticide exposure 

have risen, causing it to become more mainstream in the public, academic, and policy spheres. 

Much of the current focus is on a class of neuro-active, systemic insecticides known as 

neonicotinoids. Neonicotinoids are one of the most widely used insecticides globally, 

popularized for their ability to effectively target pests in the Homoptera, Coleoptera, and 

Lepidoptera families. In Ontario, neonicotinoids have been used as a seed treatment for a wide 

variety of crops. In 2013, the seed treatment was used in 99% of corn, 60 - 80% of soybeans, 

95% of dry beans, 25% of winter wheat, and 100% of all canola crops in southwestern Ontario 

(Limay-Rios et al., 2016). Recently, this class of insecticides has come under greater scrutiny as 

research emerges suggesting negative implications associated with their high-water solubility, 
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persistence in the soil, and impacts on non-target organisms (including beneficial insects like 

pollinators). Neonicotinoids such as thiamethoxam, clothianidin, and imidacloprid, act on the 

insect’s nicotinic acetylcholine receptors (nAChRs) which are membrane proteins in the neuro-

muscular signalling pathway (Cresswell et al., 2012; Sandrock et al., 2014; Thany et al., 2007). 

Disruptions in this pathway can lead to abnormal behaviour, immobility, and death (Lundin et 

al., 2015; Godfray et al., 2014; Siviter et al., 2018). Examples of abnormal behaviours include, 

but are not limited to changes in: learning and memory, foraging behaviour, pollination services 

provided to crops, reproductive output, and the ability to establish nests (Palmer et al., 2013; 

Stanley et al., 2015a; Gill et al., 2012; Gill & Raine, 2014; Stanley & Raine 2016; Stanley et al., 

2015b; Rundlof et al., 2015; Willis Chan & Raine, 2021). In the field, neonicotinoids tend to be 

ingested as trace residues (up to 10 micrograms active ingredient per kg-1) in the nectar, pollen, 

and soil of treated crops (Cresswell et al., 2012). Additionally, a study conducted by Maienfisch 

et al. (2001), exploring the chemistry and biology of thiamethoxam, found that it can be partly 

metabolized into clothianidin within plants such that both neonicotinoids can co-occur in the 

nectar and pollen of treated crops.  

 

In the field, exposure concentrations from nectar and pollen tend to be sublethal rather 

than lethal. However, these dose considerations tend to focus on common species such as Apis 

mellifera, rather than less studied and potentially more sensitive species (Franklin & Raine, 

2019; Sgolastra et al., 2019). A study conducted by Cresswell et al. (2012), found that trace 

amounts of dietary imidacloprid in sugar syrup did not cause substantial mortality rates in honey 

bees but did cause elevated mortality rates in bumble bees, suggesting that not all pollinating 

taxa necessarily have the same tolerance level. This is further supported by a meta-analysis by 
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Arena & Sgolastra (2014), comparing the sensitivity of bees to pesticides.  Despite this, honey 

bees remain the standard ecotoxicological model in pesticide risk assessment guidelines and 

policy, even though, research shows it may not be realistic to extrapolate to other flower visitors 

with different life cycles and foraging strategies (Biddinger et al., 2013; Blacquière et al., 2012; 

Desneux et al., 2007; Mommaerts et al., 2010). A primary challenge in measuring the impact of 

pesticide exposure on flower visitors is that unlike lethal doses, sublethal doses are not as readily 

quantifiable and symptoms may be discrete or masked by other factors in the field (Maienfisch et 

al., 2001). In July 2015, the government of Ontario implemented new regulatory requirements 

for the sale and use of neonicotinoid treated seeds, with a target to phase out neonicotinoids over 

time (Government of Ontario, 2019). A challenge posed by the phasing out of neonicotinoid 

treated seeds is to find suitable alternatives that are not more toxic or volatile.  

 

As briefly discussed above, there are various factors which impact bee, wasp, and fly taxa 

within an ecosystem. These factors typically affect pollinators simultaneously, they can therefore 

interact and can vary in how and to what degree they affect various taxa (Vanbergen & Initiative, 

2013). The prevailing land use and geography of the ecosystem also seem to influence the 

magnitude of these factors, indicating that more localized studies and data could be beneficial 

when exploring pollinator health and their interactions with ecosystems.   

    

1.5 Current Trends and Status of Flower visitors: 

Existing legislation protecting flower visitors in Ontario are limited to the Ontario Bees 

Act and the Endangered Species Act. The Ontario Bees Act focuses on honey bees and the 

beekeepers which manage them, while the Endangered Species Act focuses on a nine species 
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which been classified as at risk (Bees Act, R.S.O. 1990, c. B.6, 2019; Endangered Species Act, 

2007, S.O. 2007, c. 6, 2020). This means that the majority of flower visitors in Ontario fall 

outside of any protective legislation and subsequent conservation efforts arising from them. 

Regional overwintering losses of honey bees have been observed across North America and 

Europe in the last half century (Agriculture and Agri-Food Canada, 2016).  Despite these 

declines, honey bee populations remain relatively stable compared to wild species since they are 

a managed species in North America, this is primarily due to the ability of a beekeeper to stock 

hives to maintain population size. Based on 2016 data, honey bee colonies in Canada are 

concentrated primarily in Alberta with a 41% share of total managed colonies (Agriculture and 

Agri-Food Canada, 2016). Overall, contractions have been observed in honey bee ranges in 

North America and Europe, while overwintering losses have been identified as a key contributor, 

other environmental stressors have also been found to be impacting populations  (Cresswell et 

al., 2012; Geib et al., 2015; Sandrock et al., 2014; Smith et al., 2013). In North America, there 

have been significant range contractions of two bumble bee species, the yellow-banded bumble 

bee and the western bumble bee, which were at one point fairly common and widespread 

(Carvell et al., 2006b; Goulson, 2003; Cameron et al., 2011). Franklin’s bumble bee, a species 

endemic to Northern California and Oregon, has not been reported since 2006 and is very likely 

extinct. In Europe, various species have experienced native range contractions and four species 

have now become extinct in the continent (Goulson et al., 2015; Potts et al., 2010; Nieto et al., 

2014). Similarly, patterns of range and species contraction have been observed in North America 

(Cameron et al., 2011; Kerr et al., 2015). 
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While some historical surveys exist for regions of North America, they are relatively rare 

and qualitatively focused. Even areas such as the northeastern US, which has long term data 

representing 438 bee species over the span of 140 years can only infer that there are declines in 

species richness and relative abundance due to the non-quantitative nature of their data 

(Bartomeus et al., 2013; Potts et al., 2010). Most historical data is based on a classification 

system of common, uncommon, and rare rather than quantitative values. The parameters of these 

classifications can vary by jurisdiction or region and the sampling effort of the data tends to be 

largely unknown, making it difficult to translate into accurate abundance values (Bartomeus et 

al., 2013). A study conducted by Burkle et al. (2013), compiled historical data to analyze plant-

pollinator interactions over time in Illinois, USA. This study revealed that only 24% of the 

interactions recorded in the late 1860’s were still found in 2009/2010. Some limitations of this 

analysis are that the historical data was collected in more of a journaling and observational 

format, resulting in a smaller sample size of 109 recorded interactions which can not be 

combined with other datasets. However, it still points to a kind of degradation in plant-pollinator 

networks in North America and highlights an area in need of further research. Current 

monitoring systems are becoming much more quantitative in nature which will enable more 

accurate population statistics to be generated (e.g., DNA barcoding). However, monitoring 

efforts are still relatively sporadic and protocols are not always standardized across regions and 

years (National Research Council, 2007). These factors are commonly cited as accounting for the 

disparity between North America and European pollinator data. Another key factor contributing 

to the amount of available pollinator data is the level of citizen science participation (MacPhail et 

al., 2019; Potts et al., 2010). It is essential that monitoring efforts are expanded with standardized 

protocols across North America if we are to have accurate pollinator community information and 
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trends. Without this, conservation efforts are considerably less effective as there is no way of 

accurately identifying at risk species. While research does provide some data for monitoring, the 

sample sizes are relatively small and can use different protocols. MacPhail et al. (2019), aptly 

suggest following the example of the UK in employing citizen science in its monitoring efforts 

as a way of increasing sample size, as their findings show that our current small sample sizes and 

historical data can skew assessments. While citizen science identifications may be more difficult 

with solitary species, there is already a Bumble Bee Watch program developed which could be 

expanded on for other pollinator groups.  

 

There is growing evidence from studies within Canada and globally pointing to 

substantial declines in pollinator abundance and diversity. Within Ontario, available data tends to 

be concentrated on honey bees and bumble bees, while largely ignoring other non-bee pollinator 

groups such as wasps and flies. In order to have a more complete understanding of ecosystem 

health and function, it is essential that this gap in research be addressed. Flower visitors can vary 

greatly in their floral preferences, nesting habitats, and life cycles. As such it is vital that 

approaches to habitat restoration and risk assessments become more nuanced to reflect these 

differences. Even though the honey bee represents a direct and valuable source of income in our 

agricultural economy it is only one piece of the greater pollinator community and therefore is not 

a realistic model for all flower visitors. There is a continued need for academia to improve and 

widen our understanding of the causes and consequences of pollinator decline for both 

commercialized and native species locally, nationally, and globally. A key part of this is 

continuing to improve our monitoring programs looking at abundance, diversity, and range 

fluctuations as a basis for informing future studies and policy configuration.  
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1.6 Impact of pollinator habitat creation and restoration  

Studies examining the effectiveness of Agri-Environment Schemes (AES) in Europe have 

generally found them to be beneficial to pollinators, particularly when floral mixes were used in 

areas with little or no habitat existing previously (Scheper et al. 2015). Like humans, flower 

visitors need a balanced diet with complete amino acids, however, not all flowers are 

nutritionally equal (Filipiak, 2019; Hicks et al., 2016). Increasing floral diversity and pollen 

nutrient compositions through floral strip plantings have been found to positively impact colony 

growth and performance in honey bee and bumble bee communities (Bonoan et al., 2019; Hass 

et al., 2019). Some of the drawbacks highlighted in the examinations of the AES floral strip 

recommendations are that they only provide floral resources in the summer and that the flower 

visitors being attracted were fairly common species (Lentini et al., 2012; Ouvrard, et al., 2018). 

These factors could be due in part to the species included in the mix or a lack of floral diversity. 

Floral attractiveness is affected by attributes such as colour, shape, odour, and size (Rollings & 

Goulson, 2019, Chittka & Raine, 2006). Some wild flower visitors have distinct flower 

preferences with some only visiting flowers within a particular family (e.g., squash bee Eucera 

pruinosa and cucurbit family) (Wilson & Messinger-Carril, 2016). Including flower types which 

are attractive to wild flower visitors has been found to further increase yields and promote 

natural predators of crop pests (i.e., aphids) (Grab, et al., 2018; Hatt, et al., 2017). Studies 

examining strawberry and blueberry crop pollination have also found that the presence of wild 

flower visitors such as solitary bees during flowering periods resulted in higher yields and fruit 

grades (Blaauw & Isaacs, 2014; Horth & Campbell, 2018).  
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Policies surrounding pollinator and ecosystem health are becoming more prevalent in 

urban and agricultural regions. In Europe, programs such as the Agri-Environmental Schemes 

(AES) aim to improve pollinator habitat and improve overall sustainability in farming. Farmers 

who take part in these programs receive subsidies for adopting practices such as naturalized areas 

and floral strips (Redpath-Downing et al., 2013; Sutter et al., 2017). Funding and support of 

these AES comes from the Common Agricultural Policy (CAP) within the European Union 

(Buhk et al., 2018). Some examples of AES include the Countryside Stewardship Scheme, the 

UK Wild Pollinator & Farm Wildlife Package, and the Entry Level Stewardship Scheme (United 

Kingdom) (Haaland et al., 2011; Lye et al., 2009). There are also programs in Belgium and 

Germany which encourage farmers to enhance meadows and incorporate floral strips into hay 

fields (Ouvrard, et al., 2018). While European countries tend to be a bit further along in terms of 

policies and programs aimed at pollinator health, programs in North America are now also being 

implemented and explored (Raine & Blechschmidt, 2021). Consumer products are also 

beginning to have pollinator-friendly labeling and certifications, which could continue increase 

the need for and adoption of sustainability measures in the future (Khachatryan & Rihn, 2018).  

 

In 2016, the Ontario government put forth the Pollinator Health Action Plan with the 

mandate of increasing pollinator habitat by one million acres (OMAFRA, 2016b). Agriculture 

represents a large proportion of land-use in Southern Ontario, accounting for approximately 

9,021,289 acres/ 3,650,768 hectares (OMAFRA, 2016a). This represents a major opportunity to 

support pollinator communities, especially in a landscape which relies on pollination services. 

Row cropping is the predominant farming system in Ontario, characterized by relatively short 

growing seasons. While many of the programs in Europe have found the inclusion of perennial 
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species to be quite successful in creating pollinator habitat, that was primarily in the context of 

meadows and hay fields (Ouvrard, et al., 2018; Carvell et al., 2006a; Carvell et al., 2011). 

Similarly, the ALUS organization runs monitoring and pollinator conservation projects, 

however, their focus is creating and restoring habitats on marginal lands, or in more pasture 

focused agricultural systems (ALUS, 2021). Alternative recommendations are needed that are 

more conducive to the row cropping system, growing seasons, and species accessibility in 

Ontario. Annual floral mixes represent a promising alternative as they provide a greater total 

number of open blooms and establish relatively quickly, allowing them to fit more easily into 

row cropping calendars (Pellissier & Jabbour, 2018). Studies comparing annual mixes and 

perennial mixes found that annuals tend to attract an increased abundance and greater richness of 

pollinator taxa and have a longer blooming period (Mallinger et al., 2019; Williams et al., 2015). 

Further research is needed to explore the long-term impact of annual flower plantings in 

Southern Ontario agricultural landscapes. Another knowledge gap which needs to be addressed 

is the quantity of floral resources needed within a landscape to be a valuable source of food for 

pollinators. Identifying the most effective floral densities will help to minimize associated seed 

costs while still providing a sufficient food source. A particular challenge faced in row cropping 

systems is the boom-bust resources for pollinators, while some crops act as an effectual food 

source for pollinators it is short lived, creating a period of scarcity following harvest (which in 

this region is typically around the fall). Finding floral species which can fit into this system and 

complement the field crops by providing a pollinator resource in periods of dearth presents a 

feasible and practical way to support pollinator communities within this agroecosystem.                
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1.7  Objectives and Hypotheses 

The overarching goal of this research is to provide farmers with floral mix 

recommendations which attract a wide range of flower visitors, provides a source of continuous 

floral availability, and fit well into row cropping systems in Southern Ontario, Canada. In this 

thesis, the primary hypotheses and objectives of this research project are:  

 

1. Planting annual mix floral strips using three plantings dates will lead to continual 

flowering from mid-summer until killing frost. 

a. Examine the floral abundance and duration of borage (Borago officinalis), 

phacelia (Phacelia tanacetifolia), crimson clover (Trifolium incarnatum), 

dwarf sunflower (Helianthus annuus), and buckwheat (Fagopyrum 

esculentum) as an annual floral mix for pollinator foraging habitat 

2. Including a mix of buckwheat, borage, phacelia, dwarf sunflower, and crimson 

clover will lead to flower visits from honey bees, bumble bees, solitary bees, 

wasps, and flower flies. 

a. Identify and analyze potential preferences between individual flower 

visitors and floral species through recording interactions and collecting 

visiting flower visitors for identification to species level.  

3. Planting a mix of buckwheat, borage, phacelia, dwarf sunflower, and crimson 

clover following wheat harvest will provide mass flowering (above 30%) for flower 

visitors until killing frost.
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2 Exploring the potential of using pollinator friendly cover crop 

species in Southwestern Ontario. 

Radcliffe, K*,  N. E. Raine, M. Raizada, E. A. Lee 

Departments of Plant Agriculture and Environmental Science, University of Guelph, 

Guelph, ON, N1G 2W1 

 

2.1 Abstract 

Research widely indicates there is a decline in both pollinator population size and diversity. 

Recently, Ontario developed a Pollinator Health Action Plan with the mandate of restoring and 

protecting one-million acres of pollinator habitat. This study was conducted to determine 

whether a mix of annual flowering cover crop species could be used as a source of pollinator 

habitat in row-crop regions. A mix of borage, phacelia, crimson clover, dwarf sunflower, and 

buckwheat were planted at two locations (Elora, ON, Canada; Waterloo, ON, Canada) within 

three environments at each location in 2018 and 2019. Three planting dates were used to 

examine flowering duration and the ability to extend the available flowering period for flower 

visitors. Active sampling was conducted twice a week in each planting, to determine pollinator 

composition and abundance. Using multiple plantings spread one month apart created a 

continuous flowering thereby extending flower availability for flower visitors. There was a 

significant interaction between flower species and pollinator visitation in both years. Sunflower 

and buckwheat consistently attracted the highest diversity of flower visitors in both years, while 

borage and phacelia were predominantly attracting bumble bees (Bombus spp.) and honey bees 

(Apis mellifera). This indicates the importance of using a diverse mix of flower species in strip 

plantings in order to attract and support a wide range of flower visitors.       
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2.2 Introduction 

 

Flower visitors play a vital role in agricultural systems, many of which rely on pollination 

services and ecosystem functioning for sustained productivity (Ouvrard et al., 2018; Klein et al., 

2007; Bartomeus et al., 2013). Despite this reliance, various studies have found that the overall 

diversity and abundance of pollinator species is declining (Biesmeijer et al., 2006; Potts et al., 

2016; Vanbergen & Initiative, 2013). Habitat fragmentation and lack of floral resources (pollen 

and nectar) are two of the major factors found to be contributing to these declines, especially in 

agricultural regions (Winfree et al., 2009; Vanbergen & Initiative, 2013). Cropland in Ontario is 

concentrated mainly in the Southwestern region and total acreage continues to expand and 

consolidate, with farm sizes becoming larger each year (Statistics Canada, 2021a). The typical 

crop rotation in this region is corn-soy or corn-soy-wheat, none of which are conducive to 

supporting a nutritionally diverse diet for pollinator communities (Filipiak, 2019; Statistics 

Canada, 2021b). These limited crop rotations coupled with increasing field sizes and loss of 

naturalized areas negatively impact most flower visitors as they can only travel around 500m 

from their nest to forage (Goverde et al., 2002; Grass et al., 2016).   

 

In Ontario, pollinator communities contribute an estimated 992 million CAD annually 

from their pollination services (OMAFRA, 2016b). This estimate is likely skewed towards 

contributions from managed honey bee pollination services and honey production since that is 

easier to quantify and has more existing data (Agriculture and Agri-Food Canada, 2016). 

Contrary to this emphasis on honey bees, there is growing evidence indicating that wild 

pollinator species may be more effective in crop pollination than honey bee hives brought in 
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temporarily during flowering (Artz & Nault, 2011; Horth & Campbell, 2018; Nicholson & 

Ricketts, 2019). For example, a study conducted in the U.S. looking at strawberry crop 

pollination found that the presence of mason bees (Osmia lignaria Say.) during flowering 

periods resulted in higher yields (Horth & Campbell, 2018). This finding is consistent with other 

studies which have found that pollination by wild flower visitors can increase fruit set twofold 

when compared to honey bees (Garibaldi et al., 2013; Nicholson & Ricketts, 2019). However, in 

order to receive the benefits of higher crop pollination, these wild communities must be 

supported. Pollinator abundance and species richness are positively correlated with flower 

abundance, availability, and richness (Scheper et al., 2015). Flowers represent an important 

source of forage for a wide range of pollinating insects, providing the sugars, proteins, and lipids 

necessary for development (Moquet et al., 2017). Many flower visitors are limited in the distance 

they can travel for foraging, and do not store significant amounts of food in their nest, making 

continuous access to floral resources necessary for survival (Goverde et al., 2002; Moquet et al., 

2017). This limitation in mobility is problematic when considering the agricultural landscape, as 

it tends to be highly monocultured and sparse in natural vegetation. However, agricultural 

landscapes also represent a major opportunity to support pollinator communities and meet the 

Pollinator Health Action Plans aim of increasing habitat by one million acres, with 

approximately 9,021,289 acres designated as farmland in Ontario (OMAFRA, 2016a, 2016b).  

     

The adoption of floral strip practices in many European countries has been encouraged 

through subsidization (Scheper et al., 2015). The Common Agricultural Policy (CAP) promotes 

programs within the European Union known as agri-environment schemes (Buhk et al., 2018). A 

primary way in which the CAP promotes the adoption of programs such as floral strips is to 
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compensate farmers. An additional benefit to incorporating floral strips is biological pest control 

(Toivonen et al., 2018). Having naturalized areas with continuous floral availability has been 

found to attract and support species which are natural predators of many common crop pests 

such as aphids (Hatt et al., 2017; McCravy, 2018). Current programs such as the Countryside 

Stewardship and Entry Level Stewardship Schemes (United Kingdom) aim to enhance floral 

resources either directly (e.g., sowing wildflowers) or indirectly (e.g., extensifying agricultural 

practices) (Pywell et al., 2006; Scheper et al., 2015). These programs are criticized for focusing 

primarily on honey bee and bumble bee populations, which while important, only represents a 

small portion of the greater pollinator population (Pywell et al., 2006; Sprague et al., 2016). Out 

of the roughly 429 bee species in Ontario, only 27 are bumble bees (Colla at al., 2011; Pindar et 

al., 2017). There are also North American wasp and flower fly populations to consider, which 

account for 92 and 413 species respectively (Matthias et al., 2008; Skevington et al., 2019). 

Thus, when considering ways to enhance pollinator health and the ecosystem services they 

provide it is critical to evaluate the habitat in its attractiveness and accessibility to solitary bees, 

wasps, and flies which can differ considerably from more social flower visitors like bumble bees 

and honey bees (Campbell et al., 2016; Filipiak, 2019; Rader et al., 2016; Skevington et al., 

2019; Pindar et al., 2020). Unlike the managed honey bee, the majority of bees are classified as 

solitary, with relatively small population sizes which nest in the ground, stems, or wood 

(Everaars et al., 2018; Wilson & Messinger Carril, 2015). Having nests within the natural 

environment as opposed to man-made hives can cause wild flower visitors have a higher 

dependence and sensitivity to their surrounding ecosystem and any changes to it (Lentini et al., 

2012; Weiner et al., 2014; Winfree et al., 2009). 
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When designing a floral mix for pollinator foraging habitat seasonal timing, quality, and 

quantity of floral resources are important factors to consider (Ogilvie & Forrest, 2017; Potts et 

al., 2003). Seasonal timing can vary depending on what group of flower visitors are being 

targeted or when seasonal floral deficits (i.e. dearth) occur in the region of interest. When 

selecting flower species, floral attractiveness and rewards are key aspects to the abundance of 

pollinator visitation (Hicks et al., 2016). However, both factors will differ between pollinator 

groups, as not all flower visitors have the same preferences (Chittka & Raine, 2006). Floral 

colour, shape, and size will affect which flower visitors visit the floral resources and overall 

floral attractiveness (Rollings & Goulson, 2019). The rewards provided by the floral resource is 

another aspect which may impact pollinator visitation (Herbertsson et al., 2018; Ogilvie & 

Forrest, 2017). These rewards are typically pollen and nectar. The quality and quantity of these 

resources will determine popularity among floral visitors (Filipiak, 2019). Pollen is a primary 

source of nutrition for many flower visitors, providing protein, fats, sterols, and micronutrients 

essential to survival (Wright et al., 2018). Both pollen and nectar are critical to larvae, and those 

of some other taxa, but not wasps (they get protein from animal prey). However, most taxa rely 

on pollen and nectar as a source of food and overall health, but not all flowers are nutritionally 

equivalent (Filipiak, 2019). Therefore, when designing floral mixes for flower visitors, the 

diversity of rewards being offered and the ability to attract a multitude of species are essential 

considerations.      

 

Floral strips refer to a management practice in which mixtures of flowering species are 

planted on field borders to provide a nectar and pollen source for flower visitors. These mixtures 

may include a variety of annual, perennial, and grass species (Buhk et al., 2018; M’Gonigle et 
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al., 2015). There are two main approaches for enhancing floral resources: naturalizing areas 

using perennial species and incorporating annual flowers into agricultural landscapes. Perennial 

floral strips implemented in Belgium are incorporated into the field strips of hay meadows 

(Ouvrard et al., 2018). While shown to be effective, this method may prove more challenging to 

implement since many of the species used in floral mixtures are considered to be weeds and not 

ideal for row cropping systems.  

 

For Ontario to reach their goal of increasing pollinator habitat by one-million acres, the 

agricultural land currently producing row crops in Southwestern Ontario needs to be part of the 

solution. A successful outcome of this proposed habitation creation plan should include creating 

an abundant, flowering source that is nutritionally diverse, and attractive to a variety of flower 

visiting taxa. Finally, for row-crop agriculture to participate, the floral mixtures should not 

present a weediness risk and seed should be readily available and affordable. In this study we 

explore the suitability of annual species that are commonly used as cover crops as pollinator 

forage habitat.  

 

2.3 Materials & Methods 

 

2.3.1 Experimental Design 

 

2.3.1.1 Cover crop following wheat harvest (Experiment 1) 

This experiment was conducted in 2018 at the University of Guelph’s Elora Research 

Station, ON (43°38’26”N80°24’03”W). The experimental unit consisted of 1.5 x 8m plots 
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planted to six different treatments. The experiment was arranged as a randomized complete block 

design with eighteen plots, six treatments (treatments: i. borage (Borago officinalis), ii. 

buckwheat (Fagopyrum esculentum), iii. sunflower (Helianthus annuus), iv. Phacelia (Phacelia 

tanacetifolia), v. crimson clover (Trifolium incarnatum), or vi. 5-species mix), and three 

replications. The 5-species mix consisted of equal parts buckwheat, phacelia, borage, crimson 

clover, and dwarf sunflowers. The plots were drill planted on a 7-row basis with a five-inch row 

spacing into 1.5 x 8m plots using the 1986 model Hege 75 planter on August 7, 2018.  

2.3.1.2 Floral strips (Experiment 2) 

The experimental unit consisted of a 5-species floral strip 1.5m wide and 8m long. The 

experiment was arranged as a completely randomized design with one replication and three 

planting dates in each year (2018: June 4, July 3, August 7; 2019 June 3, July 2, and August 1) as 

treatments. The experiment was grown at two locations (Elora and Waterloo), three 

environments within each location, over two years (2018 and 2019). The first location was at the 

University of Guelph’s research station near Elora, ON where the environments included 

proximity to a forested area, proximity to a hedge row, and proximity to a corn field. The second 

location was at a squash farm near Waterloo, ON (43°29’15”N80°26’22”W) where the 

environments included proximity to squash, row crops, a forested area, and residential gardens. 

The floral strips contained a 5- species mix consisting of buckwheat (F. esculentum), phacelia 

(P. tanacetifolia), borage (B. officinalis), crimson clover (T. incarnatum), and dwarf sunflowers 

(H. annuus). The strips were drill planted on a 7-row basis with a five-inch row spacing into 1.5 

x 8m plots using the 1986 model Hege 75 planter. Seeds were weighed and packaged 

individually based on typical seeding rate recommendations (Table 2.1). Plantings within each 

environment were spatially separated to avoid confusion as to which planting the flower visitors 



 

 

38 

 

were visiting, each floral strip and to allow for walking in between to collect visiting flower 

visitors. 
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Table 2.1: Seeding Rates for mixed stand floral strip plantings across all field locations in 2018 

and 2019. 

Species  Recommended seed weight 

per hectare  

Number of seeds per 

hectare 

Borage 1.25kg 62,500 

Phacelia 1kg 132,000 

Buckwheat 10.5kg 30,000 

Crimson Clover 2kg 320,000 

Dwarf Sunflower 13.8kg 56,598 
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A B 

C 

D E 

Figure 2.1:Flower species included in mix. A) Dwarf Sunflower, B) Borage, C) Crimson Clover, D) 

Buckwheat, E) Phacelia 
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2.3.2 Data Collection 

Visual estimates for the flowering duration of each plot (days) were taken on a weekly 

basis from when the floral strips were above 30% flowering until the end of bloom period (below 

30% flowering). Once a plot was above 30% flowering notes were taken on when the flowering 

period of each individual species started and ended. Both measurements were taken per strip 

planting which was then divided into three sections. The proportions of open flowers 

determining the beginning and end of flowering period (above 30% and below 30% flowering) 

were determined by assigning value proportions from visual estimates for open flowers (i.e. 

individual florets).      

 

Active sampling of the flower visitors visiting the floral strips was conducted twice a 

week for 20 minutes of collecting at each planting. Flower visitors found on the reproductive 

portion of a flower were collected in a sterile 50ml centrifuge tubes, and pollinator  group (i.e. 

solitary bee, bumble bee, honey bee, wasp, or flower fly) and flower species were recorded. 

Collected flower visitors were then placed in a cooler box with ice and frozen. Sampling began 

when flowering in the strip was above 30% and ended when flowering in the strip was back 

below 30%, on a per area basis. The flowering threshold was chosen as the plots were divided 

into three sections when conducting field notes, making it easier to visually estimate 30% of the 

plot. Having a standardized flowering threshold determining when collections started and ended 

also allowed us to more readily compare between the two years. Active pollinator sampling was 

conducted twice a week rotating between morning and late afternoon to get a more accurate 

representation of all species visiting flowers, as differing species may vary in emergence and 

foraging times (Wilmer & Stone, 2004). The order in which locations and the environments 

nested within locations were sampled was also changed each time.  
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2.3.3 Insect Identification 

Flower visitors were removed from the freezer, once thawed they were pinned and 

allowed to dry. Flower visitors were identified using keys from the Discover Life database, as 

well as Bumble Bees of the Eastern United States, Field Guide to the Flower Flies of 

Northeastern North America, and Identification Atlas of the Vespidae (Hymenoptera, Aculeata) 

of the northeastern Nearctic region (Buck et al., 2008; Colla et al., 2011; Discover Life, 2021; 

Skevington et al., 2019).  

2.3.4 Data Analysis 

Statistical analyses were performed using SAS statistical software (Statistical Analysis 

Software, version 9.4, SAS institute, NC, USA) using PROC GLIMMIX to assess floral duration 

in 2018 and 2019. In the assessment of floral duration, planting date (treatment), location, and 

the interaction between planting date and location were fixed effects. The variable environment 

nested within each location was used as a random effect to account for year-to-year variation in 

weather where the experiments were conducted. Mixed model analysis of variance (ANOVA) 

was performed for all traits measured in both the flower duration models, with LSMEANS 

statements used for Tukey’s test for multiple comparisons, comparing means and differences to 

be considered significant at p <0.05.  

 

The models used for the analysis of floral duration and floral duration with combined years are 

as follows: 

 

Floral Duration: 

   y = m + rep + trmt +  e 
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Where,  

 y is the number of days the plot is above 30% flowering 

 m is the mean 

 rep is the replication of the treatments  

 trmt is the treatment effect, which represents the planting date, location, and blend of 

flower species 

 e is the error component which includes environments nested within each location 

 

Floral Duration Combined Years: 

   y = m + rep + trmt + j + j*trmt + e 

Where,  

 y is the number of days the plot is above 30% flowering 

 m is the mean 

 rep is the replication of the treatments  

 trmt is the treatment effect, which represents the planting date, location, and blend of 

flower species 

 j is time (year) as a repeated measure  

 e is the error component which includes environments nested within each location 

 

Mixed model analyses were also used to assess pollinator visitation in 2019 using PROC 

GLIMMIX. In the assessment of pollinator visitation, flower species, location, sampling time, 

and the interaction between flower species, location, and sample time were fixed effects. Sample 

time was not analyzed as a repeated measure for the pollinator collections because the flower 
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visitors being collected were not being released and did not have an effect on future sampling 

efforts. The variable environment nested within each location was used as a random effect to 

account for the variance in landscape features, variation in the broader pollinator population year 

to year, and year to year variation in weather where the experiments were conducted. Sampling 

times were aggregated into two-week sampling windows (total of 6 windows) to allow for 

comparisons between years and periods when there were fewer collections. The sample windows 

correspond as follows: Window 1. July 19-Aug 1, Window 2. Aug 2-Aug 15, Window 3. Aug 

16-Aug 29, Window 4. Aug 30-Sept 12, Window 5. Sept 13-Sept 26, Window 6. Sept 27- Oct 

10. 

 

The model used to analyze pollinator visitation in 2019 is as follows: 

 

Pollinator Visitation: 

   y = m + rep + flower + loc + sample window + e 

Where,  

 y is the number of flower visitors collected  

 m is the mean 

 rep is the replication of the treatments  

 trmt is the treatment effect, which represents the flower species, location, and sampling 

window 

 e is the error component which includes environments nested within each location 
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Due to the nature of the data and the smaller sample size in 2018, pollinator visitation 

interactions were analyzed with paired t-test calculations. The equation used was as follows: 

 

t = 
�̅�𝑑𝑖𝑓𝑓 − 0

𝑆𝑋
 

Where: 

                                          𝑆�̅� =
𝑆𝑑𝑖𝑓𝑓

√𝑛
 

Where:  �̅�𝑑𝑖𝑓𝑓 = sample mean of the differences 

n= sample size (i.e. number of observations)                                                                             

𝑆�̅�𝑖𝑓𝑓 = sample standard deviation of the differences                                                                          

𝑆�̅� = estimated standard error of the mean (s/sqrt(n)) 
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2.4 Results 

2.4.1 Cover crop following wheat harvest (Experiment 1) 

In 2018, flowering of these plots did not surpass the minimum 30% flowering threshold 

before a killing frost occurred (below -2°C). Only buckwheat started flowering before the killing 

frost which took place (below -2°C) in Elora on October 13th. As such no flower visitors were 

collected from these plots. Given the failure of this approach in 2018 it was not repeated in the 

2019 season. 

2.4.2 Floral strips (Experiment 2) 

A continuous bloom period was achieved across all locations and experiment years 

through temporal overlaps in species flowering periods and different planting dates (Figure 2.2). 

Planting date had a significant impact on the flowering duration in both 2018 and 2019, 

contributing to a continuous floral availability (Table 2.2). In the combined analysis, year 

represented a significant source of variation (Table 2.2). Environments nested within each 

location significantly affected flowering duration in both years, but location was not significant 

(Table 2.2 and 2.3). In 2019, the floral strips planted in June had a significantly longer flowering 

period compared to the July planted floral strips (p<0.0001; Table 2.3). The duration of 

flowering differed substantially among flower species (Figure 2.3 and 2.4). In both years, 

buckwheat, borage, phacelia, and sunflower tended to have a longer duration of flower 

availability (Figure 2.3 and 2.4). Additionally, the floral species did not start flowering at the 

same time.  Buckwheat established relatively quickly, having the earliest flowering start date, 

usually followed by phacelia, borage, sunflower, and crimson clover respectively. Crimson 

clover did not flower as much as other species in the mix, only exceeding the 30% flowering 

threshold in the 2019 field year (Figure 2.3 and Figure 2.4). Differences in start dates and 
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duration between species included in the mix allowed for continuous flower availability (above 

30% flowering) up until killing frost. In 2018, phacelia had a shorter flowering duration at the 

Waterloo location, despite this, other species were relatively consistent in floral duration across 

all field locations and years (Figure 2.5).  
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Figure 2.2: Flowering periods for floral strip mix plantings with staggered planting dates at 

Elora and Waterloo locations. Data shows flower start date (determined when plots reached at 

least 30% flowering), end date (when plots fell to below 30% flowering by area), and longevity 

of floral strip mix plantings for three planting dates (1-June: top, 2-July: middle, and 3-August: 

lower) at Elora (E: grey bars) and Waterloo (W: marron bars) locations in 2018 and 2019. 
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Figure 2.3: Average flower start date and end date of floral strip mix plantings by species for three planting dates (June 4: 

green bars, July 3: blue bars, August: yellow bars) in 2018 across all locations. 



 

 

50 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4: Average flower start date and end date of floral strip mix plantings by species for three planting dates (June 3: 

green bars, July 2: blue bars, August 1: yellow bars) in 2019 across all locations. 
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Table 2.2: Mixed model analyses of the durations of flowering periods in mixed floral strips from 

2018, 2019, and both years combined. Sample time was used as a repeated measure when 

analyzing proportion of plot in flower. 

 2018 2019 Combined 

Flowering Duration    

Planting Date  <0.0001* <0.0001* <0.0001* 

Location 0.6342 0.3778 0.0496* 

Planting Date*Location 0.2434 <0.0001* 0.0001* 

Environment (Location) 0.0004* <0.0001* 0.0223* 

Year   0.0008* 

ne = non estimate 

Data were analyzed using PROC GLIMMIX in SAS v. 9.4 using the Tukey-Kramer adjustment. 

*Significant at p<0.05 
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Table 2.3: Comparisons of means durations of flowering periods in mixed floral strips for Elora 

and Waterloo locations in 2018, 2019, and both years combined. 

 2018 2019  Combined 

Duration (number of days)    

June Planting  35a 30.8a* 33.93 

July Planting  41.2b* 22.5b 31.56* 

August Planting ne ne ne 

Elora  29.33a 30.8a 29.19 

Waterloo  22.25a 34.4a 36.29 

ne = non estimate 

Data were analyzed using PROC GLIMMIX in SAS v. 9.4 using the Tukey-Kramer adjustment 

*Significant at p<0.05 

Mean estimates followed by the same letter are not significantly different at the 5% level 

according to the Tukey-Kramer grouping of least squares means.
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Figure 2.5: Flowering duration in floral mix strips by plant species at Elora and Waterloo locations in 2018 (top) and 

2019 (bottom). Significant differences (p<0.05) calculated with paired t-test between locations are denoted with 

asterisks. Only species which flowered are included. 
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2.4.3 Pollinator Collections and Flower Visitations 

In 2018, a total of 142 flower visitors were collected from the mixed floral plantings. In 

contrast, 705 flower visitors were collected from the floral mix plantings in 2019, 563 more than 

the previous year. Due to this difference in collection size between years the data was analyzed 

by individual years. Functional groups were represented in collections of both years and 

increases were seen in richness (i.e. the number of genera) from 2018 to 2019. In both years 

flower type had a significant effect on the number of flower visitors collected (p<0.0001; Table 

2.4 and 2.5). The environment nested within location also significantly affected flower visitation 

in both years (Table 2.4 and 2.5).   
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Table 2.4: Mixed model analysis of frequency of flower visitors collected in 2018 floral strips. 

 

 

 

 

 

 

 

 

ne = non estimate 

Data were analyzed using PROC GLIMMIX in SAS v. 9.4 using the Tukey-Kramer adjustment 

*Significant at p<0.05 

 

 

 

 

 

Frequency of Pollinator Visitation  2018 

Floral species <0.0001* 

Location 0.01* 

Sampling Time 0.003* 

Sampling Window* Flower visitor group Ne 

Flower visitor group 0.1531 

Floral species*Flower visitor group 0.036* 

Environment (Location) <0.0001* 
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Table 2.5: Mixed model analysis of frequency of flower visitors collected in 2019 floral strips. 

 

 

 

 

 

 

 

 

ne = non estimate 

Data were analyzed using PROC GLIMMIX in SAS v. 9.4 using the Tukey-Kramer adjustment 

*Significant at p<0.05 

 

 

 

 

 

 

 

 

 

 

 

 

Frequency of flower visitor collection  2019 

Floral species <0.0001* 

Location 0.3772 

Sampling Window <0.0001* 

Sampling Window*Flower visitor group <0.0001* 

Flower visitor group <0.0001* 

Floral species*Flower visitor group 0.0004* 

Environment (Location) 0.0006* 
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Table 2.6: Means comparisons of flower visitors collected at Elora and Waterloo locations in 

2018. 

Pollinator Visitation (count)  

June Planting 54 

July Planting 96* 

Elora Location 70 

Waterloo Location 80 

Buckwheat 24* 

Borage 7 

Crimson Clover ne 

Sunflower 119* 

Phacelia ne 

Honey Bee 37 

Bumble Bee 74* 

Solitary Bee 17 

Fly 6 

Wasp 16 

Borage*Bumble Bee 4.00* 

Borage*Honey Bee 3.50* 

Buckwheat*Bumble Bee 2.00 

Buckwheat*Fly 3.17 

Buckwheat*Honey Bee 1.00 

Buckwheat*Solitary Bee 3.00 

Buckwheat*Wasp 13.28* 

Sunflower*Bumble Bee 68.37* 

Sunflower*Honey Bee 33.30* 

Sunflower*Fly 2.85* 

Sunflower*Solitary Bee 13.23 

Sunflower*Wasp 2.30 

Sample window 1 13 

Sample window 2 32 
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Sample window 3 9 

Sample window 4 33 

Sample window 5 50* 

Sample window 6 13 

ne = non estimate 

Data were analyzed using PROC GLIMMIX in SAS v. 9.4 

Paired t-test calculations were used to determine significant differences  

*Significant at p<0.05. 
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Table 2.7: Means comparisons for duration, proportion of plot in flower, and flower visitors 

collected at Elora and Waterloo locations in 2019. 

Pollinator Visitation (count)  

June Planting 390 

July Planting 320 

Elora Location 353a 

Waterloo Location 357a 

Buckwheat 146a* 

Borage 124a 

Crimson Clover ne 

Sunflower 220a* 

Phacelia 219a* 

Honey Bee 254a* 

Bumble Bee 212a* 

Solitary Bee 198b* 

Fly 41b 

Wasp 5a 

Borage*Bumble Bee 58.44a* 

Borage*Honey Bee 59.30ab* 

Borage*Solitary Bee ne 

Buckwheat*Bumble Bee 13.39abc* 

Buckwheat*Fly 36.14b* 

Buckwheat*Honey 77.54c* 

Buckwheat*Wasp 3.67abc* 

Phacelia*Bumble Bee 97.27b* 

Phacelia*Fly ne 

Phacelia*Solitary Bee 39.00abc 

Phacelia*Honey Bee 80.22b* 

Sunflower*Bumble Bee 43.66c* 

Sunflower*Honey Bee 33.44abc* 

Sunflower*Solitary Bee 138.25b* 

Sample window 1 105 
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Sample window 2 206* 

Sample window 3 224* 

Sample window 4 112 

Sample window 5 63 

Sample window 6 0 

  

ne = non estimate 

Data were analyzed using PROC GLIMMIX in SAS v. 9.4 using the Tukey-Kramer adjustment 

*Significant at p<0.05 

Mean estimates followed by the same letter are not significantly different at the 5% level 

according to the Tukey-Kramer grouping of least squares means 
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2.4.4 Flower Visitor Collections 

Of the 142 flower visitors collected in 2018, bumble bees accounted for just over half 

(53%), with honey bees following at 16% (Figure 2.6). Solitary bees represented 15% of flower 

visitors collected at the functional group level. In 2019, a total of 705 flower visitors were 

collected from the floral mix plantings. Bumble bees accounted for 39.5% of flower visitors 

collected, followed closely by honey bees at 31% and solitary bees at 25% (Figure 2.6). Wasp 

collections accounted for less than 1% of flower visitors. The percentage of wasp, fly, and 

bumble bee collections went down from 2018 to 2019. While the honey bee and solitary bee 

collections increased from 2018 to 2019. The largest change seen between these two years are in 

honey bees (+15%) and bumble bees (-14%) (Figure 2.6).  

 

In 2018, flower visitors were collected from 11 different genera, of which Bombus 

accounted for the largest percentage (51%), followed by Apis (16%), and Vespula (10%) (Figure 

2.7). The richness of flower visitor genera collected increased in 2019 to 15 genera, including 

two additional genera of flower flies (Allograpta and Xanthogramma) and three additional 

genera of solitary bees (Augochloropsis, Ceratina, and Epeolus) and Sphecid wasps. Similar to 

2018, Bombus (30%) and Apis (35%) accounted for a majority of flower visitor collections. The 

third largest percentage was Melissodes (21%) which increased by 10% from 2018 (Figure 2.7). 

From 2018 to 2019 there were three genera which increased (Apis, Melissodes, and Eucera) in 

proportion collected, four genera which decreased (Vespula, Bombus, Colletes, and Syrphus) and 

two which remained relatively the same (Eristalis and Halictus). In 2019 there were five new 

genera identified which were not found in 2018.      
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Figure 2.6: Variation in flower visitors collected by functional group in 2018 (top) and 2019 

(bottom). 
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Figure 2.7: Diversity of flower visitors collected by genus in 2018 (left) and 2019 (right).
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2.4.5 Pollinator-floral species interactions  

The composition of the flower visitor community attracted to a floral source changed 

between years. Sunflower and buckwheat attracted the highest richness of functional groups in 

2018, with wasps and flies making up a notable proportion of the flower visitors of buckwheat 

(Figure 2.8). Borage and phacelia did not attract a diverse range of visitors, borage attracted an 

equal mix of bumble bees and honey bees, and phacelia only attracted honey bees (Figure 2.8). 

In 2018, there were no visitors collected from crimson clover. In 2019, buckwheat remained the 

primary species attracting flies and wasps, with 27% of total flower visitors being flies. 

Sunflower attracted a large proportion of solitary bees, making up 61% of total visitors in 2019 

(Figure 2.8). Bumble bees were primarily visiting phacelia (46%), borage (43%), and sunflower 

(23%). Bumble bees also made up 100% of flower visitors visiting crimson clover, however, it is 

important to note that only one bumble bee was found to be visiting the clover (Figure 2.8). Like 

bumble bees, honey bees accounted for a large proportion of flower visitors on borage (51%) and 

phacelia (41%). Buckwheat flowers were also frequently visited by honey bees in 2019, with 

42% of total visits. Flower species had a significant effect (p<0.0001) on the frequency of flower 

visitation in both 2018 and 2019 (Table 2.4 and 2.5). There were also notable flower visitor by 

flower interaction effects in 2018 (p = 0.036: Table 2.6) and 2019 (p = 0.0004: Table 2.7). In 

2019, buckwheat and phacelia had a significant (p<0.0001) effect on flower visitation rates 

(Table 2.7).   
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Figure 2.8: Proportion of insect taxa visiting each floral species in the floral strip plantings, 

shown by pollinator functional group (Top 2018, Bottom 2019). 
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Figure 2.9: Number of flower visitors collected within two-week sampling windows in 2018 (left) and 2019 (right). The sample 

windows correspond as follows: Window. 1 July 19-Aug 1, Window 2. Aug 2-Aug 15, Window 3. Aug 16-Aug 29, Window 4. Aug 

30-Sept 12, Window 5.Sept 13-26, Window 6. Sept 27-Oct 10. 
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2.4.6 Flower visitor collections by sampling time in 2018 

There were no flower visitors collected in sample windows 1 or 2 as the floral strip 

plantings were late in reaching above 30% flowering. Due in part to a lack of rain during the first 

planting, flower availability was limited in the June planted plots. Flies were the most frequently 

collected taxa during sample window 3 which was from August 16th to August 29th (Figure 2.9). 

Overall, bumble bees were the most frequently collected flower visitor taxon with peak 

collections in sample window 5 (September 13th to 26th), however, they were collected 

throughout the season. Honey bees followed a similar pattern to bumble bees, peaking in sample 

window 5 (Figure 2.9). In 2018, flower type (p<0.0001) had a significant effect on flower 

visitors collected, there was also a significant interaction between flower type and pollinator 

functional group visiting (p= 0.036). Location (p= 0.01) and the environments nested within 

locations (p <0.0001) also impacted pollinator visitations (Tables 2.4 and 2.6).         

2.4.7 Flower visitor collections by sampling time in 2019 

The highest number of flies were collected during sample window 1 (July 19th to August 

1st) and dropped quickly after. Peak honey bee collections were seen in sample window 3 

(August 16th to August 29th: Figure 2.9). A relatively small number of wasps were collected 

exclusively in sample windows 2 and 3 (August 2nd to August 29th). Peak solitary bee collection 

was also during sample window 2 and 3, but unlike the wasps, collections took place throughout 

the season (Figure 2.9). In 2019, flower type and sampling time had a significant impact on 

flower visitor collections (p<0.0001: Tables 2.5 and 2.7). There was also a significant interaction 
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between the flower species and its flower visitors’ functional group, indicating that there was 

some preferential visitation among pollinator group (p-0.0004: Table 2.7). 

 

2.5 Discussion 

Flower visitors are integral to the functioning of natural and agricultural systems, yet many 

populations are declining (Biesmeijer et al., 2006; Koh et al., 2016; National Research Council, 

2007). When addressing how to best support pollinator communities, interventions targeted at 

cropping systems have been limited. Recommendations focus primarily on perennial species, 

which are less suited in annual cropping systems that may not have the land to allocate as 

permanent floral plots. Our study aims to fill this gap, providing floral species and mix 

recommendations targeted at row cropping systems. When selecting annual flowers to include in 

a floral strip, our results indicate that it is important to choose a diverse mix, with different 

flowering start dates, floral durations, and floral morphologies. Having different flowering start 

dates and floral durations between species in a floral strip will extend its overall floral 

availability. Flower visitors can have different preferences in flower shape, size, and colour, so 

including variation in these attributes in the mixed species can widen the range of flower visitors 

being attracted (Goulson et al., 2008; Klecka et al., 2018). This was reflected in our study as 

there were distinct preferences shown between flower visitors and flowers. For example, wasp 

and flower fly species predominantly visited buckwheat, while phacelia strongly attracted visits 

from bumble bees and honey bees.   

The weeks surrounding the first planting in 2018 received less rain (~1.8mm), as such, the 

seeds were subject to a lack of moisture in early development. This could account for some of 

the shorter flower durations seen in 2018. 
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This floral strip study also highlighted the value of using multiple planting dates to extend 

the period of floral availability. More than one planting date was needed in order to maintain 

floral availability above 30% up until killing frost. However, this could differ depending on the 

region and climactic conditions. Results from the floral strip study also showed that peak 

pollinator visiting periods can vary substantially among functional groups, as well as, year-to-

year. Due to in part to differences in life cycles, peak foraging may be at very different times 

depending on the pollinator, while bumble bees were found to be foraging a lot in the late 

summer and into the fall, many flies and wasps were found to be foraging more at an earlier 

stage in the summer. Using multiple planting dates is a method this study found successful for 

extending floral availability enough to meet these varying life cycles and foraging peaks. The 

third planting in August was not found to be suitable for this region of Southern Ontario as 

killing frost took place before the floral strips reached peak flowering, however, this may be 

feasible for other regions with different cropping calendars and climate. Likewise planting 

following wheat was not suitable for this region of Southern Ontario as the floral mixes did not 

provide mass flowering (above 30%) before killing frost.  

The overall abundance of flower visitors collected from the floral strips between the two 

years of our study were notably different, this could be due in part to weather, trends in the 

broader pollinator communities, or perhaps changes in floral availability. However, results did 

show that environments nested within locations significantly affected flower visitor abundance in 

both 2018 (p<0.0001) and 2019 (p= 0.0002). The environments selected had different landscape 

features such as proximity to woodlots, hedge rows, corn fields, squash fields, and residential 

gardens. Many flower visitors are central place foragers, meaning they are relatively localized 

and are limited to travelling around 500m from their nest, so this makes sense that landscape 
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features near the floral plantings would influence the pollinator populations visiting them 

(Everaars et al., 2018; Goverde et al., 2002; Walther-Hellwig & Frankl, 2000). There was also a 

significant interaction between flower type and distribution of flower visitor taxa, indicating 

some preference by certain taxa for particular flowers, such as fly and wasp with buckwheat, this 

is consistent with other research in foraging preferences (Klecka et al., 2018; Rollings & 

Goulson, 2019).Out of the flowers included in our mix, buckwheat, sunflower, and phacelia 

attracted the greatest abundance of flower visitors. In both years, buckwheat and sunflower 

attracted the greatest richness of flower visitor taxa. A condensed recommendation of this mix 

would be one that includes both buckwheat and sunflower for attracting a wider range of flower 

visitors, as well as phacelia for its longer flower duration which tended to have a later flowering 

end date. 

 

2.6 Conclusions 

 

The floral strip mixes planted in this study provided a continuous bloom at a substantial 

level (above 30%), attracting a variety of flower visitors from all of the targeted pollinator 

groups (honey bee, solitary bee, bumble bee, wasp, and fly). Amongst the flower species 

included in the annual mix, buckwheat, phacelia, and sunflower consistently attracted the highest 

richness and abundance of flower visitors. As such, a condensed recommendation of the mix 

would be buckwheat, phacelia, and sunflower. Planting the annual mix as a cover crop following 

wheat did not allow for a period of substantial flowering (above 30%) before killing frost, as 

such it is not recommended for this region of Southern Ontario. However, it would be beneficial 

for subsequent studies to look at a cover crop option in other regions which have different 
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cropping calendars or climactic conditions. Using multiple planting dates created an overlapping 

effect of flowering durations, resulting in a continuous bloom availability from mid-summer to 

late-fall. Flower visitor abundance and richness increased from 2018 to 2019, while this could in 

part be due to larger population trends, it is consistent with other studies finding that introducing 

foraging habitat in areas of dearth can greatly impact pollinator communities in that area. Further 

research into the impacts of floral strip size and frequency within the landscape are needed to 

improve foraging access and find an effective cost-benefit ratio. Additional quantitative research 

and monitoring is also needed to give context to the abundance and diversity of flower visitors 

being collected in studies and track population trends over longer periods of time.     
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3 Application and Management Recommendations for Floral Strip 

Plantings in Southern Ontario 

OMAFRA Whitepage 

3.1 Role of flower visitors in agriculture 

 Bees, wasps, flies, and other insects pollinate approximately 70% of major crops; 

influencing yield, seed set, and harvest quality (Blaauw & Isaacs, 2014; Garibaldi et al., 2013; 

Klein et al., 2007). In Ontario, it is estimated that flower visitors contribute 992 million CAD 

annually through pollination services (OMAFRA, 2016b). While commercial honey bees (Apis 

mellifera L.) are widely used across Canada to pollinate crops, 

they may not be the most effective option. Studies with fruit 

crops such as blueberries and strawberries have found that 

native bees are more effective flower visitors, transferring larger 

pollen loads, resulting in higher yields and increased fruit size 

(Blaauw & Isaacs, 2014; Horth & Campbell, 2018; Nicholson & 

Ricketts, 2019). Currently, many farmers rely on honey bee 

hives being brought in to seasonally pollinate crops (Ontario 

Beekeepers Association, 2020). However, the domestic supply 

of honey bees is growing at a slower rate than the demand for 

crop pollination, indicating a need for other options (Aizen & Harder, 2009; Aizen et al., 2019). 

Recent research is also indicating that honey bees may be negatively impacting plant pollinator 

interactions in ecosystems where they have been introduced (including North America) 

(Goulson, 2003; Valido, Rodríguez-Rodríguez, & Jordano, 2019). In Ontario, there are 

 Figure 3.1: Bumble bee on 

phacelia in 2019 mixed floral 

plantings, Elora, ON. 
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approximately 429 bee species, as well as other important flower visitors such as flies, wasps, 

butterflies, and birds (Sheffield, 2021; Pindar et al., 2017). While field crops can provide some 

flower sources for flower visitors, the availability period tends to be short and concentrated to a 

few weeks which cannot meet the nutritional demands of these communities from spring to late 

fall (Bonoan et al., 2019; Filipiak, 2019; Pfister et al., 2018). Additionally, the pollen and nectar 

from a field of one crop will likely not provide a complete diet of essential nutrients, which will 

negatively impact the health of that community (Bonoan et al., 2019; Filipiak, 2019). The 

promotion and protection of this diverse range of flower visitors in Ontario directly and 

indirectly bring value and sustainability to agriculture and our wider society.  

3.2 What is a floral strip? 

 Floral strip plantings are a way of incorporating pollinator habitat into landscapes by 

planting a mixture of flowers. These plantings are very flexible in application and can be planted 

on marginal areas of land around fields or within the field in areas that are less suitable for field 

crops. Typically, these floral plantings include a mixture of 

perennial flowers and sometimes grasses (Buhk et al., 

2018). However, mixtures of annual species can in many 

ways be a better option. Unlike perennials, annuals provide 

a larger quantity of flowers and since they are temporary, do 

not become a weed issue or require regular mowing and 

maintenance (Mallinger et al., 2019; Pellissier & Jabbour, 

2018).  

    

Figure 3.2: Mixed floral strip 

planting, Elora 2019. 



 

 

74 

 

3.3 Floral Species and Planting Recommendations 

 In order to enhance how effective these floral plantings are as pollinator habitat; it is 

important to consider flower availability in relation to location and longevity. The majority of 

flower visitors are central place foragers, and are limited in the distance they can travel from 

their nest to forage (Grass et al., 2016). Having floral strips distributed across the agricultural 

landscape could provide higher levels of accessibility for flower visitors with limited ability to 

travel far distances (Couvillon et al., 2015; Everaars et al., 2018; Walther-Hellwig & Frankl, 

2000). Landscape features have also been found to impact the effectiveness of floral habitat and 

subsequent yield increases (Herbertsson et al., 2018). Planting the strips near a variety of areas 

such as woodlots, ditches, or grasslands which serve as nesting locations for flower visitors can 

increase the diversity of flower visitors accessing the floral strips (Grab et al., 2018). Another 

important factor in the effectiveness of floral strip plantings is their longevity. Flower visitors 

vary considerably in their peak foraging times within a community (Mizunaga & Kudo, 2017). In 

order to provide pollen and nectar sources for all of these foraging demands there is a need for 

consistent flower availability, especially towards the fall which is when provisioning is being 

done for overwintering by some species, e.g. bumble bee queens and honey bee colonies 

(Scheper et al., 2015). Our research indicates that this can be achieved through having a diversity 

of floral species and multiple planting dates. Based on our research we would recommend having 

two planting dates: the first week of June and July. These dates can be altered to fit into various 

cropping calendars and rotations. For instance, in a corn-soy rotation the first planting in June 

could be done right before the second application of herbicide. The strips around the field could 

then be tilled in mid-October after corn harvest. The third planting date during the first week of 

August could be used in regions where climactic conditions and growing season differ from the 
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experiment sites of Elora and Waterloo. Areas which experience longer growing seasons or 

delayed killing frosts could benefit from including the additional planting date of floral strips.   

 

While the research was based on an equal parts 5- species mix consisting of buckwheat 

(Fagopyrum esculentum), phacelia (Phacelia tanacetifolia), borage (Borago officinalis), crimson 

clover (Trifolium incarnatum), and dwarf sunflower (Helianthus annuus), a 3-species mix of 

buckwheat, dwarf sunflower, and phacelia could also be planted (rates are shown in Table 3.1, 

3.2). These three species attracted the widest range of different flower visitor types and had 

different flowering start and end dates, extending the flowering period of the plantings. Ideally 

these species should be drill planted at a ¼ inch depth, we found a row spacing of 5 inches 

worked well, but this can be altered based on the equipment available.    

3.3.1 Buckwheat 

Buckwheat (Fagopyrum esculentum Moench.) is 

commonly used as a cover crop, known for its quick 

establishment and ability to outcompete weeds (Pavek, 2016). 

Typically, emergence will occur 3-5 days after planting and 

flowering will begin 4-6 weeks after planting (Delate, 2013a). 

This flower is known to be especially attractive to honey bees, 

flower flies, and wasps (Campbell et al., 2016).  

 
Figure 3.3: Buckwheat flowers 

in 2018 mixed floral planting, 

Waterloo, ON. 
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3.3.2 Dwarf Sunflower 

Sunflowers (Helianthus annuus) are an annual flower native to North America (Alberio, 

Izquierdo, & Aguirrezábal, 2015). This plant prefers areas with 

full sun and well drained soils. Seeds should be planted 1 inch 

deep into soil, germination will occur 7-10 days later (Delate, 

2013b). This flower is particularly attractive to solitary bees 

and has been found to attract less common species (Mallinger 

et al., 2019).   

 

3.3.3 Phacelia 

 Phacelia (Phacelia tanacetifolia Benth.) is a cool season annual forb or herb, originating 

from the Southwestern U.S. and Northern Mexico (Smither-

Kopperl, 2018). Phacelia is intolerant to shade but is adaptable to a 

wide range of soil textures and pH levels. Typically, the bloom 

period is in early spring, with flowering occurring 45-60 days after 

emergence and lasting for 6-8 weeks (NC State University, 2020). 

This flower has been found to be very attractive to honey bees and 

bumble bees (Mallinger et al., 2019)   

 

 

 

 

Figure 3.4: Sunflowers, 

Waterloo, ON, 2019. 

Figure 3.5: Phacelia flowers 

in Elora, ON, 2018. 
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3.4 Seed sourcing 

 OSC Seeds - https://www.oscseeds.com/ 

Dwarf Sunflower  

Buckwheat 

 Johnny Seeds - https://www.johnnyseeds.com 

 

 West Coast Seeds - https://www.westcoastseeds.com/ 

 Phacelia  

 Quality Seeds - https://www.qualityseeds.ca/cover-crops 

Buckwheat  

Phacelia  

Dwarf Sunflower 

 Pickseed - https://www.dlfpickseed.ca/forage/products  

 

3.5 Management Recommendations 

 Since the floral strips are most likely to be planted around or adjacent to crop fields 

herbicide exposure should be minimal. Arranging the floral strip planting dates based on 

herbicide applications so that the species have not yet emerged will help to reduce direct 

exposure. Avoiding indirect herbicide or pesticide exposure to the flowers is especially important 

since the pollen and nectar are food sources for bees. Strips can be mowed and tilled ideally 

around mid-October when most flower visitors have finished foraging for the year. Since this 

mix consists of annual species, pervasive weediness should not be an issue. 

 

 

 

https://www.oscseeds.com/
https://www.johnnyseeds.com/
https://www.westcoastseeds.com/
https://www.qualityseeds.ca/cover-crops
https://www.dlfpickseed.ca/forage/products
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Table 3.1: Recommended seeding rates for mixed stand plantings to achieve roughly equal 

amounts of each species. 

Species  Recommended seed weight 

per hectare mixed  

Phacelia 1kg 

Buckwheat 10.5kg 

Dwarf Sunflower 13.8kg 

(Alberio et al., 2015; Delate, 2013b; Hoyle et al., 2018; OMAFRA, 2012; Pavek, 2016; Smither-

Kopperl, 2018; Young-Mathews, 2013)  
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4 Data paper: A survey of pollinator abundance, diversity, and 

plant interactions with floral strip plantings in Southern Ontario. 

 

Kirsten Radcliffe*, University of Guelph, Guelph, ON, N1G 2W1, CA, kradclif@uoguelph.ca 

Nigel Raine, University of Guelph, Guelph, ON, N1G 2W1, CA, nraine@uoguelph.ca 

Elizabeth Lee, University of Guelph, Guelph, ON, N1G 2W1, CA, lizlee@uoguelph.ca 

  

The following is a data release paper which will be published with the data sets from this study 

which are being archived in the University of Guelph’s database.  

4.1 Abstract 

4.1.1 Objectives 

This research examined the use of floral strip plantings in agricultural landscapes such as 

field margins as a way to support pollinators, providing a consistent flowering resource and 

diversity where it is otherwise lacking. Our hypothesis is that if foraging availability within 

agricultural landscapes is increased during the late summer and fall period through planting 

floral mixes, then the pollinator abundance and richness in that landscape will also increase. One 

objective of this study was to examine the suitability of annual species that produce an 

abundance of flowers which are attractive to pollinators. The species examined include borage 

(Borago officinalis), phacelia (Phacelia tanacetifolia), crimson clover (Trifolium incarnatum), 

dwarf sunflower (Helianthus annuus), and buckwheat (Fagopyrum esculentum) as a source of 

pollinator foraging habitat. Another objective was to examine potential preferences of individual 

flower visitors with respect to flower species. Active sampling was conducted over two years 

(2018 and 2019) and collections were identified to functional group level and species level. 

mailto:kradclif@uoguelph.ca
mailto:nraine@uoguelph.ca
mailto:lizlee@uoguelph.ca
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4.1.2 Data Description 

The datasets available in the repository include collections from two years: 2018 and 2019. 

The data included is in a raw format, available in comma separated value spreadsheets and 

Microsoft Excel open XML spreadsheets. Further descriptions of the data are available in 

README text files.   

4.2 Introduction 

 Pollinator surveys provide an estimate of abundance, species richness, and overall 

demographics of populations in a particular region. Typically, data from these surveys are 

generated using one of two common methods: pan traps or sweep nets (McCravy, 2018). 

Similarly, other passive sampling techniques such as vane traps or malaise traps can be used for 

monitoring or research to the same effect. Unlike active sampling, these methods do not allow 

for pollinator-plant preference to be determined. Pan traps have the further potential to miss 

species altogether due to placement and colour of the bowls (Cane, Minckley, & Kervin, 2000).  

 

The inclusion of non-bee flower visitors is another valuable aspect to this dataset. 

Typically, pollinator surveys are centered on bee species. While there are datasets looking at 

non-bee pollinator groups, these bee and non-bee records tend to be isolated. Non-bee flower 

visitors such as flies and wasps represent an important part of pollination services to natural and 

cultivated plants, with further research and monitoring these populations can be better supported 

(Klecka et al., 2018; Rader et al., 2016).    
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4.3 Data Collection and Experimental Design 

4.3.1 Experimental Design 

 Two locations were used for this study, the first at the University of Guelph’s Research 

Station in Elora, ON (43°38’26’’N80°24’03’’W), the second at a farm near Waterloo, ON 

(43°29’15’’N80°26’22’’W). Within both locations, three planting areas were designated as 

different environments for a total of three environments at each location. These environments 

included landscape features such as corn fields, apple trees, hedge rows, squash crops, and 

forested areas to capture potential variability in pollinator abundance or diversity. While both 

locations are in historically row crop (i.e., corn, wheat, soy) agricultural regions, these smaller 

environments could provide varying levels of refuge for pollinating insects. Each environment 

was planted with the floral strip mix and each species individually for all three planting dates.   

4.3.2 Collection Techniques 

Active pollinator sampling was conducted twice a week for 20 minutes per planting, 

rotating between morning and late afternoon to get a more accurate representation of all species 

visiting flowers, as differing species may vary in emergence and foraging times. Flower visitors 

found on the reproductive portion of a flower were collected in a sterile 50ml centrifuge tubes, 

and pollinator functional group, which were defined as solitary bee, bumble bee, wasp, honey 

bee, or fly was recorded along with the flower the insect was caught on. Collected flower visitors 

were then placed in a cooler box with ice and stored frozen. Sampling began when the floral strip 

was above 30% flowering and ended when it was below 30% flowering. At time of collection 

wind scale, date, time, and temperature were recorded. Specimens were later thawed and pinned 

for identification. Each pollinator was identified to species level (see Appendix II) using the 

Discover Life database and other keys listed (M. Buck et al., 2008; Colla et al., 2011; Gauld & 
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Bolton, 1988; Michener, 2000; Skevington et al., 2019; Wilson & Messinger-Carril, 2016; 

Sheffield, 2021; Pindar et al., 2017).         

4.4 Limitations  

The primary limitation of this dataset is that sampling efforts are focused on a narrow 

geographical area in Southern Ontario. In addition, samples were only collected over two years 

across a three-month period and could have been impacted by shorter term changes in population 

abundance or diversity from year to year. The identification and analysis of these interactions are 

integral to understanding the foraging preferences of various species and providing targeted 

conservation recommendations.  
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5 Summary 

 

5.1 Overview of findings 

As discussed in Chapter 1, there are various intersecting factors which impact pollinator 

populations within natural and agronomic ecosystems. Habitat fragmentation and lack of floral 

resources are one of these primary factors influencing pollinator declines globally (Biesmeijer et 

al., 2006; Potts et al., 2010). While there are habitat restoration programs and perennial flower 

recommendations, they are not conducive to adoption in row cropping systems, which accounts 

for a sizable proportion of land in Southern Ontario. This research aimed to address this gap by 

examining the suitability of annual floral mixes as pollinator habitat and providing annual mix 

recommendations which are accessible to farmers. The floral strip study found planting a mix of 

annuals which included buckwheat, borage, phacelia, dwarf sunflower, and crimson clover 

attracted a diverse range of flower visitors including bees, wasps, and flower flies. Active 

pollinator sampling methods allowed for plant-pollinator interactions to be analyzed, which 

illustrated strong preferences between certain pollinator groups and flower species. For instance, 

wasps and flies were almost exclusively caught while visiting buckwheat. This is congruent with 

other studies which have found distinct flower preferences displayed in particular pollinator 

groups and co-evolution of some flower visitors with native plant species (Campbell et al., 2016; 

Ogilvie & Forrest, 2017). As such, it is key to include a variety of flower shapes, sizes, and 

colours within a floral mix as these are some of the attributes influencing attractiveness (Rollings 

& Goulson, 2019; Chittka & Raine, 2006).  
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This study also found that including a diverse mix of floral species extended the period of 

floral availability provided by the strip plantings. Buckwheat, which had the earliest flowering 

start date in the floral strip mix, had an average flowering duration period of 30 days. 

Incorporating the other species within the mix, which had later flowering start dates, expanded 

the flowering period of the strips. Similar to other studies and monitoring programs, this study 

found that the peak foraging times for different flower visitors fluctuated throughout the 

collection season (Häussler et al., 2017; Wilson & Messinger Carril, 2015). Which is why having 

this extended flowering period is essential to meeting the needs of flower visitors within the 

landscape. The floral strip study also highlighted the importance of using more than one planting 

date to extend the floral availability of the strips. In both years of the floral strip study planting 

date significantly affected the floral duration of the strip plantings. The use of more than one 

planting date allowed the floral duration to be extended until killing frost in both years. 

Literature highlights the importance of fall foraging for many flower visitors as it is when they 

collect food to store and provision for offspring. Dearth during this provisioning period has been 

found to greatly impact colony development in honey bees and bumble bees (Scheper et al., 

2015; Vaudo et al., 2018).  

 

Results from the cover crop following wheat experiment conducted in 2018 indicate that 

peak flowering cannot be reached before killing frost. As such, that is not a strategy 

recommended for this region of Southern Ontario. However, regions with different climactic 

conditions or cropping calendars may consider that as an option for incorporating floral 

resources into the landscape.     
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5.2 Limitations 

The primary limitation of the floral strip and cover crop studies is that sampling efforts 

were focused on a narrow geographical area of Southern Ontario. Influencing both the growing 

conditions and the pollinator communities already existing there. In addition, samples were only 

collected over two years across a three-month period each year. This could impact the pollinator 

visitation rates through short term changes in population abundance or diversity from year to 

year.  

5.3 Future Research 

While some historical pollinator surveys exist for regions of North America they tend to be 

inconsistent, only able to infer declines in species richness and abundance (Bartomeus et al., 

2013). The classification systems of these qualitative surveys can also differ from region to 

region (National Research Council, 2007). In order to get a more thorough understanding of 

pollinator declines and population trends, more robust quantitative long term monitoring 

programs are needed with standardized protocols and procedures. Additionally, these long-term 

monitoring programs and studies need to include a wider range of wild flower visitors such as 

wasps and flower flies to further enhance the understanding of pollinator populations and allow 

for more targeted conservation efforts. Much of the data available focuses particularly on honey 

bees, informing policies, conservation efforts, and agro-chemical recommendations. While 

honey bee populations represent a direct and valuable source of income in our agricultural 

economy they are a managed livestock with different needs, levels of sensitivity, and risk 

(Cresswell et al., 2012; Franklin & Raine, 2019). As such, it is essential that research and habitat 

restoration efforts distinguish between managed and wild flower visitors, as well as expand the 
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scope of flower visitors beyond bees to reflect these differences and provide more representative 

recommendations.  

Further research is also needed in long term studies exploring the impact of annual floral 

strips in agricultural landscapes. While this floral strip study found the both the number of flower 

visitors and diversity of flower visitors collected increased from 2018 to 2019, it is difficult to 

say if that was completely from the addition of the strips or if it was a broader population 

fluctuation in that area.         

5.4 Final Remarks 

Flower visitors and the services they provide are vital to ecosystem functioning and 

agricultural production. In order to support these populations within the agricultural landscape, 

targeted measures and recommendations are needed. This data set is valuable in that it looks at 

individual plant-pollinator interactions and encompasses pollinator genera such as wasps and 

flower flies. Future long-term studies are needed to further investigate these interactions, monitor 

trends in non-bee populations, and examine the long-term impacts of annual floral strips in the 

landscape. Based on this study, we recommend that a mixture of buckwheat, dwarf sunflower, 

and phacelia are planted as floral strips using two planting dates in June and July. This mix and 

planting scheme attracted the largest range of flower visitors and with the multiple planting dates 

extended flowering until killing frost across all locations in both years.
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7 Appendix I: Additional field trial results 

 

Table 7.1: Generalized mixed model variance analysis with heterogenous covariance 

structure showing the effect of location and planting dates on flowering duration in a 

completely randomized design in Waterloo and Elora, Ontario, Canada in 2018. 

Duration     

Random effects Estimate se Chi-

squared 

Pr>chi-sq 

Environment (Location) 0.00076 0.00086 11.19 0.0004 

Residual 0.00201 0.0002 - - 

     

Fixed Effects Numerator df Denominator 

df 

F-value Pr>F 

Planting date 1 144 609.02 <0.0001 

Location 1 2 0.31 0.6342 

Planting date*Location 1 144 1.37 0.2434 

 

ne = non estimate 

Data obtained in this table was analyzed using PROC GLIMMIX in SAS version 9.4 

using the Tukey-Kramer adjustment 

Significant at p<0.05 
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Table 7.2: Generalized mixed model variance analysis with heterogenous covariance 

structure showing the effect of location and planting dates on combined flowering 

duration in a completely randomized design in Waterloo and Elora, Ontario, Canada in 

2018 and 2019. 

Combined Duration     

Random effects Estimate se Chi- 

squared 

Pr>chi-sq 

Environment 

(Location) 

0.03421 0.03497 62.66 <0.0001 

Residual 0.01497 0.00177 - - 

     

Fixed Effects Numerator 

df 

Denominator 

df 

F-value Pr>F 

Planting date ne ne ne ne 

Location 1 2 0.83 0.4580 

Planting 

date*Location 

ne ne ne ne 

 

ne = non estimate 

Data obtained in this table was analyzed using PROC GLIMMIX in SAS version 9.4 

using the Tukey-Kramer adjustment 

Significant at p<0.05 

 

 

 

 

 

 

 



 

 

121 

 

Table 7.3: Generalized mixed model variance analysis with heterogenous covariance 

structure showing the effect of location and planting dates on flowering duration in a 

completely randomized design in Waterloo and Elora, Ontario, Canada in 2019. 

Duration     

Random 

effects 

Estimate se Chi-

squared 

Pr>chi-sq 

Environment 

(Location) 

0.01136 0.0090 23.92 <0.0001 

Residual 0.1363 0.0073 - - 

     

Fixed Effects Numerator df Denominator 

df 

F-value Pr>F 

Planting date 1 696 101.24 <0.0001 

Location 1 4 2.20 0.2121 

Planting date 

* Location 

1 696 26.26 <0.0001 

 

ne = non estimate 

Data obtained in this table was analyzed using PROC GLIMMIX in SAS version 9.4 

using the Tukey-Kramer adjustment 

Significant at p<0.05 
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Table 7.4:  Generalized mixed model variance analysis with heterogeneous covariance 

structure showing the effect of location, flower species, and sampling time on pollinator 

visitation in a completely randomized design in Waterloo and Elora, Ontario, Canada in 

2018. 

Pollinator Visitation     

Random effects Estimate se Chi-

square

d 

Pr>chi-sq 

Environment (Location) 0.05342 0.04459 84.95 <0.0001 

Residual 0.04756 0.00583 - - 

     

Fixed Effects Numerator 

df 

Denominator 

df 

F-

value 

Pr>F 

Location 1 2 91.05 0.0108 

Flower Species 2 133 10.19 <0.0001 

Flower species*Pollinator 5 133 2.46 0.0360 

Pollinator 6 133 1.60 0.1531 

Sampling time 2 5 22.89 0.0030 

Sampling time*Pollinator ne ne ne ne 

     

 

ne = non estimate 

Data obtained in this table was analyzed using PROC GLIMMIX in SAS version 9.4 

using the Tukey-Kramer adjustment 

Significant at p<0.05 
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Table 7.5: Generalized mixed model variance analysis with heterogeneous covariance 

structure showing the effect of location, flower species, and sampling time on pollinator 

visitation in a completely randomized design in Waterloo and Elora, Ontario, Canada in 

2019. 

Pollinator Visitation     

Random effects Estimate se Chi-

squared 

Pr>chi-

sq 

Environment 

(Location) 

0.00364 0.00293 10.44 0.0006 

Residual 0.09426 0.0051 - - 

     

Fixed Effects Numerator 

df 

Denominato

r df 

F-value Pr>F 

Location 1 4 0.98 0.3772 

Flower species 4 681 7.83 <0.0001 

Pollinator  4 681 8.15 <0.0001 

Flower 

species*Pollinator 

9 681 3.44 0.0004 

Sample time  4 678 126.96 <0.0001 

Sample 

time*Pollinator  

12 678 5.83 <0.0001 

ne = non estimate 

Data obtained in this table was analyzed using PROC GLIMMIX in SAS version 9.4 

using the Tukey-Kramer adjustment 

Significant at p<0.05.
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8 Appendix II: Pollinator field collections and flower 

associations.  

 

 

Table 8.1: Flower visitors collected in 2018 and 2019 field seasons, categorized by 

family, genus, subspecies, and species (Bu: Buckwheat, P: Phacelia, Bo: Borage, C: 

Crimson Clover, S: Sunflower). 

Family and 

genus Subgenus and species 

Count 

Total 

Flower 

Associations 

Apidae    

Apis mellifera L. 279 Bu, P, Bo, S 

Bombus affinis 3 P, S 

 bimaculatus Cresson 26 P, Bo, S 

 borealis 1 B 

 citrinus (Smith) 2 Bu, P 

 fervidus (F.) 8 P, S 

 frigidus 3 P 

 griseocollis (DeGeer) 8 P, S 

 impatiens Cresson 193 

Bu, Bo, P, 

S, C 

 pensylvanicus 1 Bu 

 perplexus 6 P, S 

 rufocinctus Cresson 13 Bu, P 

 ternarius Say 1 Bo 

 vagans Smith 15 P, Bo, S 

Ceratina calcarata Smith 1 P 

Epeolus autumnalis 7 Bu, Bo, S, P 

Eucera pruinosa 24 Bu, S, P 

Melissodes agrilis 115 Bu, S 

 druriella (Kirby) 13 P, S 

 illatus 1 S 

 trinodis 26 S, P, Bo 

Xylocopa virginica (L.) 6 P, S 

    

 Apidae TOTAL 752  
Colletidae    
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Colletes inaequalis 6 S 

    

 Colletidae TOTAL 6  
Halictidae    

Agapostemon texanus 5 Bo, P, S 

 virescens (F.) 3 S 

Augochloropsis metallica (Smith) 1 Bu 

Halictus ligatus Say 5 Bu, P, S 

 rubicundus (Christ) 6 Bu, P, S 

    

 Halictidae TOTAL 20  
Syrphidae    

Allograpta obliqua 16 Bu, P 

Eristalis arbustorum 2 Bu, P 

 dimidiata 7 Bu, P 

 stipator 2 Bu, S 

 tenax 20 Bu, S, P 

Syrphus torvus 2 Bu, S 

Xanthogramma flavipes 1 Bu 

    

 Syrphidae TOTAL 50  
Vespidae    

Vespula germanica 3 Bu 

 vidua 1 S 

 vulgaris 15 Bu, S, P 

    

 Vespidae TOTAL 19  

   
 

 

 

 


